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The Computer UtiUaatlon Group, a^t v^p In 1968 by /the OECp 
Cotfloittee for Science Polidyd) In r*iB|bns)e^AO/'re^opBm^ndatlon8 of • 
the third Ministerial 'Meeting on« 5ei^i%e , hat^ or/ Ita ^►rogramme>< 
atudiea In the f i^elds Qt -o^mputeri^d JiitA banka , interaction of 
computers and tolecommunic^tlonK;/ cprtp^^i^r matipower education , com- ; 
puter utilisation surveys, eff/ctenc)e'"a4dlt5 for computfcr aystefta, 
potential of information technology in urban arid regionW plaijhlng * 
and information .t#,chnology^a|id ita applicationa to the. heal^bh field. ^ 

The preaent r^j^ort\highlight a policy laauea conee|*ninK' the 
training pollciea- fbr^^bmputef' martpower and uoera , andj conaiats of^ - 
two parta: ■ ' ^ 

l4 The atat^ment o$' cortcluftiot\a adopted by the Group of 
* Expert^ in\^thi;S f ield ^ (meetito^ of 10th and lljth January, 
' . 1974).- ^ / ^ - ■ I . 'To 

II. Tbe background reporta aubtoitted at the Seminar^ held^. 'in 
' ^aria on Zltit, 22nd and 23rd May, 1973 . • ^ 
The viuwe eaijJreaBed in th*t background Report a are ^t ho a e' of the 
authors alone and do/not neceaaafily reflect thoae of ^he Group of 
Experta, their govori'nmentfl or the OECD Secretariat. The concluaiona • 
of the Drafting OroUp whoae namea appear on the attached liat werf 
drawn up by i^a mertibora and confic>quently do repreaent their collective 
opinion. However, they haye not been. co-ordinated formally with 
Member governments and thery, ahouid riot ^,1;her^f ore be ooriatnied aa 
eonatituting the of ficial 'policfea or opiriiona of thoae governmenta . 



^<^nat 



.c. 



l) Now the Committee for Scientific AVid Technological Policy. 
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Part One 



I . STATEMENT OF CONCfUaiONS ADOPTEB BY THE. GROUP ON 
TRAINING P0LJCrr1[3SUES FOR COMPUTER MANPOWER AND 
■ ^ ; 'USERS ^ 

l^^^ (10th and 11th. January 197A)- 



, LrtT OF MEMBERS pF THE DRAFTING GROUP 
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STATEMENT OF CONCLUSIONS -* 
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Modern {society I's now/beginning to realise that some growtto 
problfems ^ppiirefttly cannot be dealt with on the ba^is of old formulas . 
, Until now, a certain measure of physical or human resources was avail- 
ably?^, and the ^ough apt/roach In order to meet Increasing demand was ' 
, ^ to draw on th^m In pr^pportlon to ret^ulrementj. The shortage of 

resources which isWw makljig Itself felt requires ^ new formula for 
, growtrh, and^.a pos45i/ble solution would be to find an approach which 
\«vould havQ^a mUltlplieif effect orNtlie resources/requl^^ements ratio. 
^ This cab /pre^sumabdy .be achieved by \et^er orgje^hlsatlon , since the 
varlousVprobiem^»^ confronting modern ^oclety, a/e Increasingly Inter- 
^rel«te<a ajnd mor4 methodical handling may b? Expected to optimise the 
use or resoiirc/^s • , > 

'a key rple in siJ^h an orgariis|&tlon Is ^tt^ circulation, proces- 
sing an^l dl/sdtolnation of Informgixlon >3liich , loused sy^Jtematlcally 
and rationally, will have a ber|6/lclal effeq^ oAthe social arid cul- 
tyral as ywell as economic development of/modeirn society. 

Ih^rmatlcs Is the special tool which con be. Used f.or organising 
lnformart;lon. In the present conte^ct 'it' has a number of outstanding 
' advan'tagens : it uses little energy^, few raw , materials arid does not * 

pollute the phyaical envlronn^ent , while , it draws on intellectual 
» ratwer than physical human resources .^Th6, prbblems ot train^h^ in , * 
in/ormatics. Which are largely new^problems , shbuld therefore* be a . 

ajpr 'cohclern; such traiA^ng 'should teach pebple to nfeke the moot. -of 
ihat it can offer as wiell as protect them from any danger its use , 
may inVolve. 

The introduction of this systemised training can no longer bcT 
delayed» since otherwise the advantages^df the informatics tool will 
decline ds fa%t as it cotneo in\;o , wider use . * ' 

The comput<^r»8 growing workload meang that an eVor increasing \ * 
amount of resources must be used. The ove^'all coots t- of hardware 
and especially software - are rising to Guch* an extent that adequate 
training yfhlch can minimise' theAe costs i;5 of the utiteot urgency. 

Mbrepvdr, it will be rea,lised £hat the higher the leVel reached 
by education, the greater the production arid dj^emand for inf ornj^tion . 
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The rasult Is the exponential growth of the. amount of Information . 
aval?.able* which Inevitably raises the question of how to select 
what Is relevant. ^ 
, - This" new probleip not only one of technology but far more 
of how informatics should be us^Jd In all 'dlscrprllne*, Ine-^X how / 
Its 'methodology shoulld be applied In each. , ^ •/'. 

' Coniiderlng, therefore, thett ' , \ ' I 

r th0 scope of /informatics I's rapidly ' increasing; . / 

, ; - It Is becomlfig. a part of all human activities; 

- edi^catlonal iSystems are subject to 'certain constraints, 
a broad, elffectlve curriculum of general ^scope should^be promptly * 
drawn up providing Initiation and instruction In the method^j and 
techniques of informatics,. . 

*The various training programmes should nqt be approached from 
a purely Vocational aspect. Since informat^ics is "the qfcience of 
the rational processing of information regarded as a knowledge and 
communication medium in the technical, economic and social fields", 
i\ has. a cultural as well as technical ajspect , and its development 
can be compared to the spread of literacy. Training can therefore . 
be divided Into three Interdependent categories; 

a) Educatio nal and general cultural requirements 

CltlAns^ our modern countrl€!^s must be madfe constantly aware 
that informatics exists and is needed by being shown how it can be 
used., what it cnift do and what its limitations and dangers are. 

tJ '■ 

b) ' draining rtaulrements for usera 

* * ' * 

i Enough about the methodology of informatics, meeting the specif! 

-needs of each human activity should be taught enabling people to us^" 

it in their work. - ' . . --^ 

^) . Training requirements for computer technicians 

The purpose here* is to train opoclallsta whoso main activity is 
connected wltlt informatics technology and who arc* also concerned with 
the probi^ps to be dealt with. 

Informatics training for users and for specialistfl alike has 
a^st always cdnolsted .of ccJUrses dealing with the structure and 
Operation of* computers and with one or more programK^g language. 

As the methodology of Informatfcs can greatly affect many dls- 
clpilnes, it is recommended tjjat it can be included in all typt^ pf<» 
coura^a rather than taught as c'M^prifjte subject in the^ gen^^ral *^ ^ 
curriculum. . / *' 

» ' - * 'ft 

- • Informatics is a fundamental science whose ,ifialn features are 

its object, i.e. information, and its methpdology, especially model- 
building, ' . * ; 



The" teaching" of thislmethodology, which is at the core of 
' inf orinat%c^, require s'^^^^te aching content arid methods be studied ^ 
front an Ihiormatips stand^b^S^^ that teachers from all disciplines^ 
be effectively" trained in inf'bt^ct^cs methodology. 

The introduction of iiifbrm'a^cs at all educational levels 
fequires.t^at all teachers be traiiie^ in informatics, methodo^logy 
. applyin^Xi^o their part iculaiJNdisciplil^^ \ ^ 

Owing to the urgency of W probl^S^^^t^s essential that prac- 
t3^ifif +.f>anhPrR be retrained , otherwise a gre^ deal of tiine will 



Sihf teachers be retrained, otherwise a gre 
^wasted, 

'xRetraining should in no case merely deal, with the 
computers and/or progranuniiig languages, b\it should broadly 




structure of 
roach 

Hf^e proT:)lem of imparting a knowledge of informatics methodologV^sto 
students in terms of the yai*ious- disciplines which are taught 

The handling of inf ormatiJuri by the compiut^r'is- rapidly growi 
and "will increasingly involve all citizens of a country in varying 
pe^-sonal degrees. If 1;his process is to take place in an acceptable 
and reasonable way, bo'th public and private enterprise must realise 
that they have an obligation to keep their customers informed of the 
» coris^equeiices oTf present and future developments . ^ , 

Pub^iic and private organisations which are or will be using . 
electroni-c data processing system^" which -might involve th^ general 
public are* advised to make far greater use of mass media techniques 
(television, radio, films, publications. an4<% lectui*^, etc.), which 
can^est inform, the general public -o'f ^t he implications and advantages 
of ipodern data' processing techniques - . * 

"'x)wing;.to advajices made by informatics in m^ny countries 

computers were introduc^ed before a system ^^ould be set up fpr training 
manpower. -Training in tii^s^ of computers was therefore provided for 
some time 1;^^ the oomputer indus^y, 

^ This'lype of course is not only useful f^^r training and retrain- 
ing, technicians -but> should be a normal feature of the manufacturer s' 
services. It is recommended, however, that general training in inform- 
atics at. all levels of education should be taken over by the authori- 
ties. binder the- national education system. ^ 

; \The cost of developing and improving facilities for providing 
training is. high, and some countries are not equipped for the purpose. 
- rhe more experienced countries are therefore asked to encourage and 
support ^^measures for setting up and promoting facilities for exchang- 
ing informatics training experience. 

Informatics and the way in which it is used are rapidly changing 
Consequently, all those directly or indirectly connected with this ) 
field need to undergo periodic retraining to keep abreast of steadily 
changing requirements. 
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It is there^re recommended that all levels of training - 
.informatics be nj^gularly examined in^ the light of continuing^ltica- 
tion requirements, with the object of maintaining and improving' 
national and international skills in this field. 
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CHARACTERISTICS AND GENERAL TREl 



;ni5s 



by 

Pierre M. Martir>" 

[ 

OECD Secretariat 



/ - I ■ : /. - , 

Information, forms an integral' part of our daily environment , 
pe/i'meating all bi'a'hches of social ^tlVity and often insidiously 
invading individual privacy. An psSential factor in a country's 
efeonomyt ,.."lt seems certain thay^between 1970 and 1980 it will 
become the/6hird world industry a¥t^r oil and motor vehicles" . (l) 

The OECD countries* interest '1/n the trainirtg of computer man- 
'power and users stems from tl^e/faot that several^', countries have' no 
policy for training pomp-uter, ^pej^'l^lists and eveh less for educating 
users and| the public Many ,d^ci^i(5h-makers at all, levels and even 
some specialists are still- ajit n'tj^^lp^nsider inforipatics as a tool for 
making spefedier calculatidixi^J-^^i^fpdling more statistics rather than 
a methodology for generating neLiiir'(i?oncepts • 

y^' To meet the pressing demand for immediate results, make up for 
the "Shortage of teachers and experts, remedy the lack of any govern-* 
ment computer training policy and in order tct" improve professional 
standards, computer manufacturers at the outset plajyed a decisive 
role in computer traijiing. Based on computer utilisation, courses 
were intended for specialists who often became dependent on a given 
type of machine, with the result that the educational aspect of 
informatics was completely ignored. The manufacturers introduced 
rigid manpower structures which satisfied their immediate needs but 
did not really take fundamental problems into account or needed 
computer training policies. 

Computer specialists have often made users select a particular 
type of computer or "package", but owing to improved user training 
and the development of mini- and micro-computers, they have increas.- 
ingly less to say in decision-making and are concerned w^th^ only 
technical matters. The result of introducing informatics into the 



1) ^'Une politique communautair^ de 1 'informatique" , SEC(73)^300,. 
Commission of the European Communities . 
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public and private sectors has generally been that information and\ 
its processing have become centralised and increasingly pow^e^rful 
computers are be\Lng used on the strength oflOROSCH»s Law, which.' is'' : 
that; VThe power of a computer is prpportfonat^^ to the square of 
its cost". To extend centralisation to all fields of computer appli- 
cations woi^ld not §eem to be desirable owing to the danger of social 
conflict. \ ;1 - 

It is fitting, before starting this study, to differentiate 
in the word IN^ORMATIC (Computer Science), two words which 
are ORDINATIC ai^d USATIC in brder to clarify the problem. 
The syritactic ani;i semantic aspects of these two words are, for ^ 
* the moment, secorldary, the essential being to distinguish two 
types of people wi^o gravitate around the.,electronic computer, 
representing two v^ry different types of training. 
" L'ordinatician " i^ a computer specialist who works in t^e ' / 
research, the compu't^r operation, the programming, 'the syHem 
design and who receives a high technical education. ^ 
" L'usatician " ^ concatenation (mixture) of -"user of" or 
"usager de" 1 » in format ic^^e/i isaModtor, a sociologist, a 
Jurist, a town-planner . and must be able to conceptualise 
his specific problems in tiferms of what the computer as a tool 
can djo ^ 

The following is a rough diagram of the ^development of computer 
manpower' requirements . , i^^^ 



Ordlnatiquo 
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ituthorltle^houJ.d take 
1, In part^^^tili 




jQiSe actl^ve^itntepiest In computer 



X 



The 

educati . . , ^ . r 

cational aspects to be taught"as part of ' 
gener&l edjifcati6n and continuous training; x" 
By^ef Ini^^^rtaln ^gh St for tralrijing given In 

^ prlvate'n^s.tltu-J:lona ^ong the lines of: 

/ ^ -^DI5;AD (Data-I^roce^slng Institute In Germany) which has. 

set up a Commlt;l^ee for examining students from private 
Institutes; 

- the Stlchtl^ Studle Centruifi In the Netherlands; 

- etc. / 

- By settiij^g up Institutional and financing faclllti«^d required 
\ f or >he/contlnuous training of teachers, espiecially In usatlc'; 

The pr^lilems of teach6r-tralnlng vary considerably aptordlng to 
the state 6f the art in OECD Member ^ountrlee . A distinction ahoul4 
be made between two^ypes of country, namely: / 

^ the more advanced countries, which need to slow down training' 



In ordinatlc and speed up that In usatic; 
the countries where Itiformatlc la less developed. 



Thes^ t oun 

tri^s li^ed to speed up initial ordinatlc training Wi-I^h the 
' {lelp of manufacturers under the supervision of the authorities , 
the object being to meet immediate requlremen'ts and later 
Introduce usatic. ^ 
Public surveys are needed, moreover, to/d:^ermlne requirements 
for training In the educational applets. Fcf Instance, the tables 
1 to 4(1) taken from';a "National ^urvey^f the Publlc^s Attitudes 
towards Computers", Issued by the ApiPS and Time Magazine (1972), 
show how people feel about computes and their .use. The ehqulnry, 
conducteijl by Lleberman Research Inc., concerns only the uA^ed States 
and deaXci with a sample of 1,001 persons over 18 years old questl 
by telephone for about 35 minutes. / , / 




iOrdlnatlclans minst have a certain number of "aptl^des' 
knowledge concerning certain tasks to be carried tot ^nd certain 
functions to be assumed. The following, no^ 'nec^af-lly complete list; 

Is based on: / -""'^^"^ 

- t^^ist of tasks contained In the OECb^port DAS/SPR/7?':^A9 • 
amended by Van der Noot(2) and >odlfled^y^und^^^^^^ and 

W. Rasmussen(3) * (The list contains 101 elementary tasks ) 

- a list given to the Secretariat by Professor Telchroew^at the 
seminar held in May, 1973. It .includes 114 "tasks" and. "ability 



.to's" or "knowledge's" 
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1) See Annex pp., 37 tp 41. ^ 

2) Special Advisor, Ministry ofl^-^lHAbllc' Works , Canada, 
Director, WflnlstrSr of Eduction, Denmark . 
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All the aenteiKles /begin with "ability to": 
ProgrammdrH In fU^j^j^^ (COBOL, 'RPG) . 

scientific or SiKorlthmlc type languagies' (FORTRAN, 



2 . Programca^iJvl- 
.^-Ptni . 



/ 




3. Programme ln>i an /assembler type language (BAL, COMPASS).'* 




Programme In \4:mulatlon language^l[GPSS , SIMULA). 
Analyse arid evaluate programming Itoguages for selecting the 
most appropri4tV language for so^ying a given problem. 
Prepare sample d%ta for progi^^rttoes and provldlhg test runs. 

;raimne^outllnp<rby systems analysts for detailed 
design and construCTlf 
8. Convert exist lnK;>l*ol^aiames from one system to anofh^r (language 
to language ^jatJmputerVo computer). ^ 

Use pro^^i^e testing e^lds (debugging packages, traces, and 
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e/and evaluate dlffVent s o f twa r e ' appl ic^f\ \ nn packages 
Revise Existing programmesVincluding debugging and refinement^, 
lort and utility package 
;n and use Input and output layouts 
lequentlal and Index sequential 5l/e techniques 
15/Use direct or random file techniques 

16. Create, maintain and InterrogatA' f iV^s 

17. Design and use decision tables 
IB. Design arid use run and grid charts 
19 . Write detailed Jirogramme specif Ics^ftons . 

present in writing a summary of y project for management action 
(suitable tct serve as a basis. fof decision). 

Prepare' cleai:' and suitable documentation (programmes and program 
mlng procedures, systems, etc.). 

Prepare effective user documentation for either a portion of. a 
system or an entire system. 
23. Communicate with others verbally (in general) 
2U. Co-operate and work effectively yfith others. 

25. Perform tasks accurately. 

26. Manage other people. 

27. Accept responsibility and ipr^tiate action. 

28. Train and develop subordinates. ^ . 

29. ^elp the user to compile and analyse data. 

30. Initiate the user into .data preparation methods. 

31. Initiate the user into output -interpretation . 
Initiate the uffer into the use'of mini- and micro-computers 
and terminals. » 
Kfelp the. usj^r to define his needs. 

Make the flrm»s staff aware of the' computer's potential. 
Inform those responsible of the, problems Involved in collecting 
private data. 



32 

33 
34 
35 
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36. He:(.tJ. to introduce cc/mputer training and awareness policy in 
t)(e firm or organisation. 

37. Predict alternate /future behaviour of individuals and groups 
(e.g. predict incLlviduals » reactions to operating changes). 

38. Articulate and defend a personal position on some important 
issue of the im^Jact of information technology and sy^ms on 
society (important as defined by Congressional interest, public 
ireas and semi-yfeechnical press, etc.). 

39. Complete assignments on time. 

40. Work effectiyely under pressijore. 

hi. Motivate aelff and others, and create in othe'rs a willingness 
to discuss problems. o 

42. Work indepohdently with limited supervision. 

43. Formulate And solve simple management science type models 
(linear programming, dynamic programming, queuing and simu- 
lation) . 

44. Recognise the appropriate management science (operational 
research) models for situations commonly encountered. 

45. Identify in an on-going organisatio^aL, situation the key issues . 
a^id problems of a given functional area (production, finance, 
marketing, etc.). ^. 

46. Describe and identify individual ^nd group behaviour (e.g. 
describe and identify working relationships among people in 

' an organisational environment). 

47. Develbp specifications for a major information system addressing 
a given orsanisational need, and determine the breakdown into 
manual and computer-based parts . 

48. Apply the -"system, viewpoint" in depth within the organisation 
structure . 

'49. Delegate assignments and review the results of assignments^ / 
• directly under control. - / 

50. Identify possible long- and short-term effects of a specified 
/ action on organisational goals . 

51; Maiyse communication systems (estimate line and terminal 
requirements, volume and message length, queues, etc.). 

52. Evaluate system-performance and make needed adjustments \o 
system after implementation. 

53. Determine the major alternatives in specifying an information 
processing system including data files and communication 
structures . ■* 

54. Make "rough cut" feasibility evaluations of proposed new 
techniques or applications of current technology. 

55. Analyse and evaluate different hardware configurations. > 

56. Design softws^»re and hardware configurations. 

57. Handle a number of assignments simultaneously. 

ERIC ' ^ 



58. Design and ucfe flowcharts (system and programme). 

59. Usef Interac/lVe debugging facilities (avallabje through a time- 
sharing arrangement such as Text-Editor). 

60. Potfbrm economic analyses (c.ost/beneflt studies) of the proposed 
r^sourc/ commitments for a project. 

naly^ and. determine cost/benefits analysis oi project (Inform- \ 
itlon systeto) to user. 

calculate cost/performance trade-offs In a system. 
^'Develop positive and negative impacts of a specified Information 
system on specified' parts of an organisation. 
View, describe and define any situation as a system. 
Plan and organise work assignments. 

•Propose master plans for an overall computer policy in a 'firm 
or organisation. 

The following part deals with a knowledge of the concepts and « 
=freas set out below: 

To assist in the rating process It Is. suggested that an Individual' 
who could prepare a "technically correct" paper of about 500 
words would be considered to rank as "superior". 
All sentences begln'wlth the words "knowledge of": 

67. Existing communication facilities (line types exchanges/ 

utilities). * " / 

<j • ^ 

68. Communications access methods and their general featy/eg to 
support- terminal/teleprocessing apt!)llcatlons . 

69'. Sorting techniques (radllx, merge, bubble tree). 

70. Searching techniques (sequent.lal , binary, directory). 

71. Characteristics of auxiliary storage devices (capacity access, 
storage): tape, disk, drum, etc. 

72. Input-output devices Xtypes' existing on the open marl^et). 

73. Operating systems (including scheduling algorl^thms, memory and 
^^^rlpheral management, interrupt systems). ^ 

r;^. Micro-programming, multi^-progratoming and tnulti-proces sing. t;Lme- 
sharing operating system (concepts and facilities). 
75- Queuing structures. 

76. Job control languages (coding and technique^). 

77. The "inner workings" of compilers, interpreters or other 
translators V / • 

78..Multllink.data structures ^rees , multilist, inverted list, 
network^, etc.).' ■ 

79. Data, gathering techniques (interviews etc . J . 

80. P^fiformance evaluation techniques (simOlrtion packages, hardware 
, 'and software monitors).- 

Mini-computers and ificro-cpmputers . 
82. Public and private data banks. / 



/ 
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83. 'Th^ need for security in programines , data storage and^Work 

flow design as well as physical protection of programmes and 
data. * . 

84. Computer iifipaets on industrial, clerical and managerial position 

85. Elements and relationships of information ilfi'^various functional 
segments of the organisation. ^ /' 

86* The cojD^uter industry wi^h regard to growth patterns , competitio 

aijd government regulations. t ; / 

87. 5aurces for updating knowledge of technology. 
^88, "Outside^^ computer services (informat^lon concerning consultants, 
softwarehouses, application packages , etc.). / 

89. Corporate policy and lines of autHority and responsibility. 

90. Standardisation practices in the computer industry. 

91 . Project planning and control tools /]Eechniques for project 
schedviling and controllijjg (PERT) , critical path methods (CPM) 
etcJT. . ^ ' 

92. General sya^iems theory (open - closed syst.ems, system boundaries 
feedback concept). ^ * ^ 

93. Accounting practices and procedures and models for inventory 
Control. / 

94. Elementary statistics and ftmdamentals of ' the' probability theory 

95. Matrix algiebr^. 

96. Differential Calculus for optiiAd^'sation . 

'97. Set theory^ . ^ ' > 

98. Potential applications of automated processes /for society. 

99. Professional data-processing 'assbciations » ^ 

100^ Chaiiges in employment patterns as a result of autdmation . ♦ 
IQl. Calculating manpower needs and recruiting. 

102. Flow chart operation. 

103. Division into part systems and routines. 

104. Studying and selecting existihg routines. 

105. Selecting required programming language. 

106. Desk checking programme logic. 

107. Programme file organisation. ^ 

108. Programme file description. ^ ' ' 

109. Debugging programmes.. 

lip. Programme and file storage. 

111. Preparing programme and operating documentation. 

112. Establishing procedures for programme execution. 

113. Describing ''automatic and manual procedures. 

114. Establishing operating standards. 

115. Organising activities of EDP-records library section. ^ 

116. f»reparing operating statistics. 
117 • Preparing programme machine runs.' 

US'. Defining requirements of the control syst-em. 
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119. Supervlislng the*machinery and securing neqessary maintenance:. 
120 Taking respogalt^llity for punching (by hahd)' ahd ^vef^ifylng. 

121. Supervising the activities of the '"Programming" Section. 

122. Supervising the activities' of the Sbftwar^e Section . 

123. Supervising the activities of the (Operating S^tloa.. . ■ ^ 



Reverting to the division of inrbrmatlc i^to us^itlc^ anfi ordin- ' 
atlc manpower need/ usually seems to have be^i^overes^ifflsLted , v 3lnce 
qualitative changes have seldom been taken/ihto jdonsideration*. Many 
forecasting stijdles have thus been made djstj^rpine computer mqn^ 
power requirements on the basis of the^olX^wAn^ indicators: 
A. Mai^/m&chine coefficient; ' . / ^ 

Nymber of computer specialist;* ^per million inhabitants ; 
Kumber of computer speciaiipti^ in terms of the value of / 
computers installed. ^ f , . 
In every case , the increase in <somputer stock was use8j| ai^ a 
parameter, the general apsumptioiif Being that there would fin annual 
15 to 30 per c^nt increase*. / - / 



B. 



The foXrbwing are a feyjr/examples of the«e estimates^ 



A. Man/machine *coef f icient 

NUMBfefi OF COMPUTER SPECIALISM'S PER 
lOO^COMPUTERS IN 1968 AOT l;Sf75(l) 



/ 



I. 



Fimction 


^mall 
computers 


Medium-sliid 
compute^ 


/' 

Large 

jxjmputej^s 


WeigH'Ud 
average 


1968 . 


1975 


1968 J 




/l96a 


1975 


^19'68 


1975 


Analyst 

Programmer'^' 

Operator 


/ll4 
/ 228 


192 
336 




403 
585 


546* 
1,029 


544. 

eis 


^ 265 
467 


340 
520 


/ 342 
/ 258 


— 528 
272 




988 
312 


1,575 
525 


Lf3J60 
•^40 


.732 
303 


. 860 
300 


6oo ' 


800 


Iff 100 


1,300 


2,100 


;t,^oo 

U — — — 1 


1,037 


1,160 



1) study Centre for Compul 
in de automatiserlng" 
N. Samson, Alphen aan 



Utilisation in Administration - "Werkeri 
Tob Descriptions ^d Training Criteria);** 
Ri^Jh, Septembe/, 1968. 



/ 



Forecasts partly confirmed by the following tab2,e(l) 





1971 


•'±972 


1^73 




7<l»(2^ 


staff 


No- 


[ * 


No. 


% 


No . ^ 


96 , 


No 


V(2) 


According to 
lintet*pri96s : 


















« Managerial 
grades • • • • 




ly 


V 

1 |05^ 












Senior 
techhl- 
• * clans • • 

A Technl- 
claner^ » • t • 


■1.95A 
2,975 


' 22 

■ H 


2,207 
3,260 


.22 
33 


2, A06. 

3, A80 


23 
. 33 


2,506 
3,,eK»3 


23 
33 


Operators . . 






2,597 


26 


' 2,773 


26 


2,897 


■ 26 




8 f 91^6 




*9',897 


100 


10^,612 


100 


11,051 


^LOO 


Y^arlyi , 
variation 
ihcipercjen- 
ta^e ^ 




1096 


^ 7S 




Accoraing - 
,^ 1 0 the 


9,500 


11 

1 • 


,300 


1A,600 

si 


■ Jl7i300 


"yea^ay , / ' 
^vaJriatlon - 
in percen- 
- tage 


. 2096"" 


19S 


2996 


18S 








p • 













1) "L*ln£^ormati,que dans \es entreprises publlquea au ler Janvier 
1972", D6l6gatlon I'Informatlque, France. 

2) The anticipated man/machine ratio of between 11 and 12 during 
the" Sixth Plan cpri^espbnds to .present of enterprises. - 



Bran(Jon»s formula as ''Set out below(l) was partly uged and 
sllgStly phanged\ In Japan. - 



Siziis 


Formula 


SupuffFv large. 
Large 
f, Medium 

Small - , 


<i 


d 
' d 
d 


o a + 0.6b 
- 0.95a^+ 0.6b 
« Ov7a + 0.7b 
» 0.75a + 0.8b 



/ 



number of Installed systems 
numbe 
time 



where 

b a number of systems to be Installed' at that 
o - adjustedi number of systems for prediction. 



I) Institute olS Information Technology, Japan, OECD Doc 
DAS/SPR/73.53; Demand F6recafttlr\g Survey of Informatl 

, ? Processing Engineers In Japan. Complfed and Commented 
S. Imamura. 'V 
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flREVISrONS POUR L^ALUMAGNE* - FORECASTS FOR GERMANY* 
Structure du personnel • Personnel structure ' 



440 000 
420000 
400 Opg 

o 

3IOOO(f 

3S0 000 
340000 

320 OOa 

r 

300 000 
280000 
2(0 000 
240000 
220 000 
200 000 
190 000 
160000 
140000 
!2Q00O 
100 000 ' 
80 000 
(0 000 \^ 
40 000 
200QO 
0 



^ 285000 



P 445 000 



55 00) 




2! 500 



71 5:; 

39.5'?. 

33*^^ 



12.5% 



^5^ 



ill J 



f 



33 T. 



■■MM:-/ 



144 mm 



mm 



27.4:'^ 



IJ 



tnmtytl • onW ih^l^n) 



, 1.21 ,- 



/ 




1 I / Siructuirdu ptrionntl tn 1970 ■ P«i lonntl'ifrif cfur« <n W70 f^- 
IJm Sfructurt du Mitomtt yrAvu* tn l978t**''**<ion mmimilO \ 
/ p«iionn«l lirurtur< m 1978 fiUlrtonum •itimft*) , 

1.23 Strucluiv rfu p«fionn«l pr^vuv m 1978 (vitiftf iton ino«im«l«) 

EnptClrd ptri(^hn«l irructur* tn 1971 (mtflmum tihmtftl \^ ' 
' O'tpr** uni «ludt •(Itctu4* ptr It [>. P HtydtrhtM •( M P Cfrlim dt la SociAf* d« mi(h#fn«fiqutl tU/it 
IH||»mfnt di donn#ii " ^ • * u *, * vj, » 

SHidy undtftiktn by Dr. ^ g\\tyA4t^\<i\^ •fid Mr. P^rfTth^ SoclNtlxJojt'^iiAhtfqffrtci ttnd't)ii(« Proctfi»inf 
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■ Number- :of computer^ specia^''^ts per >- milllon inhabitants . 

' >Accot^'ding to Prof. Zemanek'bf Vienna University; 
® - 3Q0 high-level specialists; • 
900 liniv^sity graduates; 
-r l.,500 holders of secondary school leaving ^rt if icate; 
- 2,100 graduates^ from vocational courses. . 



ojC computer spe 



clalists in terms of the value b"f 



C. ^. Numbet^ 

i^n stalled computer stock 

\ Mr.' Engberg defines; the (PDy,Vrelation(l) : y 
P 5» personnel . \ *^ 

D^= dollars / > 

. ' and applies It to thfe various countries. 

THE PD-RELATION IN VARIOlis COUNTRIES 



Country 



1 . Denmark 

2. Norway^ 

3 ..^.Sweden - 
^.•Switzerland 

• (1) 

5. Japan 

6. Netherlands 

(1) 

T'. France 

8. United ■ 
Kingdom 

9. Germany 
1C. U.S. A 



The PD-relation ,j 
(personnel per 
1 mill. US J5) 


Average 
value 
mill. 
Danish 
t^roner 

-life : 


Number 
of 
com- 
puters 


S 


P 


, D 


Total 


8.1 
13.2 
5.7 


8.6 
9.4 
8.0 


7.5 
10 .0 
7.2 


24 

32.6 

20.9 


^ 3.9 
. 2.6ft. 
3.8- 


352 
^ 249 
486 


8.4 


7.3 
9.9 


. 5.9 
9.1 


21.6 
26.0 


3.6 
2,7 


1.060 
4.224 


8.4 

15>8 


10.2^ 
16.0 


8.0 
14.0 


26.6 
45..8' 


3.9 
2.3 


1.192 
4.242, 


10.3 
10.0 
8.1 


15.3 
10.4 
9.5 


9.4 
8.5 
9.4 


35.0 
28.9 
27.0 


3.2 
2,3 
2.7 


3.875 
7.010 
45.792 



Time for 
the cen- 
sus V ' 

month year ^ 



9.70 
10.71 
6.68 

12.69 
?.70 

12.70 
1.69 



1) 



S = System analysis and design + systemtfanagement 

P a Programming, including prdgramme maliagement 

1> = Operations (apera^ors + chief pianch operators) ^ 

Average value and number of computer's is for computers about 

0.^ million D.cr..= 60,000 US 



While training in usatic should be a component part of general 
education, training in ordinatic should instead be specific. Forecasts 
of computer manpower needs should therefore only cover ordinaticians . 

list of indicators should therefore be drawn up so that the supply 
and demand can be planned by means of models. 



1) The PD-relation is calculated on the basis of the M/C-ratio, 
the' number of computers and the average value , including MINI. 
The exchange rate ia 1 US ^ = 7 D.cr. The other rates are Per 
spring 1972, except for Sweden: 1 Sw.cr. = 1.35 D.cr. (June lyba; 
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Cproputer Job Classific^ion (Table, pages 31-36) 



The purpose of the Vollowing classification is tg define the 
present situation as regards computer Jobs and attempt to make a ' 
synthesis of the'^many exifeting classifications . " 
Column 1: job description; * 
Column 2: Brief desdription of function; 



Column 3:. A^propriat 



training Tevel for Jqb. 
"The cla^ssification o|r Educational Systems in OECD Member 

.973/7A was^'used as a reference for 
evels, as follows 
End of compdllsory schooling 6|r fiWt- cycle af 

echnical s4condary education; 
End of technical seconcjary or general secondary 
education of types A and B; 



couAtries" issu^^d^'iri 
defining the various 
Level 1 



Level 



Level 
Level 
CoXiimn 4: 




°^^|>°"'"^^^®''sity type higher education; 



End of lihiver 
The purpose 



si 



iity type higher education, 
of using a coefficient is to enable the 
"^obs to be compared more easily. Wages are averaged 
> ^o^r* comtries (Germany, Canada, France 

and the United Kingdom) ^ and it is of 
only riBlative value -owing to the variety oT :3obs in- 
informatife. The Job vacancies ' advertised in special- 
;| ised nfewsp^ijrs or articles on computer manpower 
wages in pex^.odicals (e.g. the May 1974 number of 
Datamation) used to calculate the coefficient. 

The periodical^mainly used were: the Computer 
^ Weekly, ComputeAforld . Die Computer Zeitun^ . 

Informat ique.it g^stion , 01 Informatique and 
Datamation 

^\ * ' ' 

By adding the list of "kbility\to ' s" and "knowledge of 's" which 
can be associated to the computer Job d^assification, a matrix can 
be obtained accurately defining Jobs andXcontent . 

. The Job of scientific p\^raniiner i^ no longer included in 
the classification and Jobs nowV^Ji<fired unckr PROGRAMMING should 
ultimately, be transferred to DEgT'^" ^ \ 

• '^^^ Data administrator wiilxl5e responsl|ble for defining and 
organising data for management aAd decision-maicing , and since the post 
will become very important, a plurkdisciplinary type of further 
training should be introduced fori ordinaticians at level 3 or 4. ' 

. Registers for ordinaticiani should be created so that the 
profession will be recognised as ,al profession , ordinatic and teach- 
ing staff obtain the same status ,al| teachers of other subjects thus •• 
providing the trade -assaciations wi|th greater influence. 
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COMPUTER JOB DESCRIPTIONS 



1 . Data AcQulsltlon 



Name of Post 
(1) 


5 ' ' ' 

Job Description 

: (2) 


Level of 
Training 
(3) 


(4) 


Coder 


Translates source and 'turn- 
around documents into con- 
ventional numeric codes % 
acc^ted by ttie computer*. 


1 


.^_150 


— r — ; ' ' I*'. . — ; 
Pun^ 
operator , 


Transcribes data on to input ' 
media by means of electronic 
or mechanical equipment. 
Knows 'iijie various card foraats 
used anij is capable of 'pre- 
paring Control cards • 
(7,000 punches per hour; 
errors: 2 per cent; waste: 
5 per cent) . 

Must be able to adapt to 
other media (e.g. magnetic 
stores). 


1 


150 

^ 


Verifier 
operator 


Verifies the punched card by 
means of electronic pir mechan- 
ical equipment , Must be ^ 
capable of verifying SyOOO 
punches per hour. Must not 
overlook any discrepancy. 


1 

> 


170 

<* 


Keyptinch 
supervisor 

V 


Has a specialised knowledge ' 
of the make of card punch and 
verifier used, distributes 
the work and sees that it is 
carried out accurately. 
Has received some training 
in data-processing^. Prepares 
control cards and keeps files 
of card and record formats 
up to date* 

Must maintain a good'x^rking 
atmosphere and is responsible 
for training beginners. 


(1 plus^ , 
experience) 
2 


200. 


II, Data-Proc 


jessing Environment 


Data 

control ,^ 
clerk / 


Has a very good knowledge of 
filing systems and th^^'struc- 
ture of the enterprise. 
Sees that data are standard- 
ised aiicl co-ordinated in 
agreement with users, systems 
analysts and operating staff,-. 
Responsible for security of 
^ data , 


3 
. k 

(according 
to size of 
enterprise) 


\ 40D ^ 
\ 650 


Libr4rian 


Responsible for storing, 
"generating" and preparing 
all media and for their dis- 
tribution. 


2 


200 
...1 
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Name of Post 
(1) 


1 ^ 

Job Description 

. ^gl.. -v^# ^ 


Level 

Training v.. 
(3) 


(4) 


-. Librarifin 
(cont) 

■ ^ 


Carrf^S" out any . administra- 
^tive work for controlling* and 
if necessary fo-llowing-up 
these operations. 
Applies rules prescribed for: 

- maintaining input media 
ready for use; 

- preventing alerts and the 
destruction of files and 
programmers; , 

- privacy • 

•ft ji 


' / 


"* J- '-if 



HI- Operation. ^ 



Operator 
(large con- 
figurations) 


Works in the computer i^oom. 
Carries out duties associated 
with the operation of peri- 
pheral ecjuipment, whether or 
not connected to the central 
unit > undpr thp ^iinoT»vH 04 
of and following instructions 
from the console operator- 
Sees to the i'hput and output 
of media of all kinds used at 
the time of operation. 
Responsible for smooth oj5"er- 
ation of the i)eripheral ynits 
he supervises- 
Carries out such tasks as 
cleaning and general mainten- * 
ance as instruct^e^ by^the 
operations manager . 


1 


150 


Operator 

- terminals 

- calculates 


Responsible for operating a 
terminal . . 

In charge 'of filing apd test 
data. 

Should have some general know- 
ledge regarding the use of this 
small computer (book-keeping, 
statistics, etci.),* 




200 


Console 
operator 

A level 

^ fa 1 


Works in the commiter room 
under the ultimate, authority 
of the operations manager. 
Responsible for operation of 
the computer by interrogating ^ 
the operating system. 
Endeavours to optimise computer 
operations as determined by the 
system's resources arid the type 
of work involved. 

Co-ordinates 'the activities of 
peripheral operators . 
Analyses and interprets mes- 
sages enabling him toi 

/ 

- control opera-Qion of the 
system; 

- take any needed action or 
inform the opereftdfons mana- 
ger in the Qvent 6f an alert. 

Advises the operations manager 
when decisions are taken on^ler 
Receives trainin.g^eeaed for the- 
particular^^ob, | 


2 

— » 


220 

.../ 



Name of Post 
(1) 



•Job Description 

(2) 



Level of 
Training 
(3) 



JJlL 



Console 
operator (cont) 

B Level. 



C Level 



A level plus : 

- Multiprogramming, real time 
and teleprocessing tech- 
niques ; 

- Considerable previous 
experience. 



2 or 3 

(plus 
experierube) 



280 

\ 



A and*B levels plus: 

Administrativjs skills^ 
Teaching skills. 



Operatidns 
manager 



Full responsibility for . 
computer operations. 
Helps in^ formulating 
decisions concerning staff 
and equipment at management 
level . 

Ensures liaison with manu- 
facturers . 

Is completely familiar wi^h 
operating systems of equ^ 
ment used. 



or h 
(plus 

e^erience) 



400 to /750 
ap.cor41ng 
to si;fee of 
department 



IV • Programming 



Programmer 



A Level 



B Level 



plications programmer 



/rites programmes fn symbolic 
language (FORTRAN/ COBOLj 



Handl ess imp 1 e pi^ob 1 ems ( man- 
agement, scienoe). o 
Dociiments his programmes '^d 
ensures their maintenance. 



Programmer analyst 
Sound knowledge of pre 



^mming 



Must be capable of yonder- 
taking simple typ« of analy- 
sis. ' 

Able to define anV required 
files and programnrfh 



. 2 (plus 
■expi§rience) 

— 



220 



280 ^ 



C Level 



per 



Functional progri 

Plans, organises ari^V^ontrols 
the preparation of BJC^grammes 
Co-ordinates the w^kN^JJ the A 
and B level progi^ammer 
Helps to train A and B l^evel 
programmers . 



3, h (plus 
experience! 



350 



V. Design 



Analyst 


Systems analvst 








Conversant with operating 








systems and programming |, 




■I . • 




techniques. 1 

• \ 




.../ 



Name of Post 
(1) 



Joj) Descript/on 



sript 
(2); 



Level of 
Training 
(3) 



Analyst 
(cont) 



A Level 



B L|vel 



C Level 



FormulateS^ad gbntrols 
new applicatld&;i-».. 
Prepares teclinifcal notes 
and application procedures , 
Is the link bjetwewi the 
systemis designer and the 
programnier* T 



280 



Systems pro^lect manager 

Is a technician who has 
complete ;hastery over the 
teolinical phase of systems 
analysis^ and is capabli^ of; 

- helpiiig, together with ah 
engineer, -fo solve the 
proplems he defines; ' 

- helping to introduce ney 
mer^ods aind relevant 

ojiJeclures ; 
prgjanitfing meetings for 
/stiJaying technical pmb- 
le^s and needed ^liaia^n 
between the various ^ 
services . 

searching data and promoting 
the generation of new data 
preparing and submitting 
summary technical reports 
on his work . 



3. k 



360 




Systems designeir. Prelect , 
leader \ ' 

Plans, organises and cpntrol^ 
;the activities of a team of 
lalyste and programmers work- 
ling on a specific project 
Isuch as a data bank). 
Co-ordinates bis activities 
with those of other sections 
Prepares specifications. 



500 



Head 

Computer 
Department 



Responaible for Computer 
Department (computer up to 
64 K octets} . 

Thorough knowledge of equip- 
ment and managerial problems 
1/1 the enterprise, 
plane, organises and controls 
all Computer Department 
activities . 

Acts as adviser to other 
departments . 



3 or 4 
accord- 
ing to 
size of 
^configur- 
ation 



400. to 700 
according 
to size of 
configur- 
ation 



Data-pro- 
cessing 
managed 



Attached to General Manage- 
ment . 

Has the same tasks as those 
of the Head of Computer 
Department .• , 



700 and 
over . 
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VI. OtherPosts. 



Name of Post 
(1) 


Job Description 

^- (2) 


Level of 
Training 
(3) 


(A) 


Technical 
sales repre- 
sentative 

I* 


Fully conversant' with his 
^'company's ^cjuipmenf, helps 
the customer with its in- 
stallation and instructs 
hin/'in its rational use. 


3. k 


, 350 to 
500 


, Sales repre- 
sentative ^ - 

■ - ^/»^ 

\ 


Fully conversant with hilqi 
^ company's products ancl if 

possible with those of 
^ other companies . 

a skilled salesman. 
He^s tb prepare the speci- 
fications and current -appli- 
cation systems . 
Maintains regular contact 
. with custo»ers . 




koh an^ 
over \ 

\ \ 

■ V ^ 

\ 


■■ 

Maintenance 
engineer 

A Level . 
B Level 


Determines the causes of 
breakdowns and carries out 
any needed repairs." 
fteguiarly undertakes pre- • 
ventive maintenance . 

\ Same-duties in small con- 
r' figurations (mini-computers, 
terminals , etc . ) / 


3. 


350 


^ Same^mities for more complex, 
* co^ff iguratidns . 

Both jposts require consider- 
able experience. ^ 


k 


500 


Systems 
programmer 


Se«EB that the best use is made 
of the operating system sup- 
plied by the manufacturer to 
the user. 

Assists the other programmers 
and helps to prepare operating 
instructions. 

Practical experience of consol 
operation . 


3 (plus 
experi- 
ence) 

e 


350 


Systems 
engineer 


Fiilly conversant with program- 
mii^g, design of the operating 
systems and computer structure 
Advises systems designers and 
analysts and trains operators. 


k 

• . 


550 


Computer 
engineer* 


Conversant with all computer 
techniques (languages , oper- 
ating systems and compilers). 
Capable of using real time, 
multi-programming and tele-, 
processing techniques. 
This is *a highly technical 
poat which requires consider- 
able experien<:e. 
^ 


k 


.600 
. . 
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1 7 

Name of Post 
; (1) 


Job Description 
(25 


Level of 
Training 
(3) 


: (4) 


"Audlit 
management 
consultant 


Kpowledge of business 
management and organis- 
ation . ' . ^ 
Thorough by trained^ln data- 
processing (hardware\ and 
software) . - ^ • 
Prepares studies pridr to - 
cuuifiuud ins xai. uion oziu 
use. 

Supervises the preparation 
of specifications. 
Works outside the firm. 


A- 

i 


700 and 
over 



.. Since' programming Jobs are tending to decrease, "Programming 
Institutes"" ^shouldj change the4.r title and/or the content of their ' . 
training. ' . * * 

. Kanufactuijers and users should <;o-pperate more cJLo^eiy in 
training 'ordinaticiahs*: 

> The lack /of any overall policy in the firm ojten^creates a 
gap between tecjinological possibi-litie^ and ^applications , and leads 
to overstaf fintf. Since the general' aj^titude fs moreover changing 
fi'om one- of euphoria to strict cost jufbounting, the s ometi roe fK long 
waiting periofi bi^fore the education'al system responds should lie cut 
down so that supply can be- adjusted to. demand. / 

. The existence of multinational enterprises, the^setting up of 
"Computerised Europe", the gradual shift towards sophisticated tech- 
nology should promote the introdiuction of a type' of modular instruc*^ 
tion common to all countries, with internationally standardised 
curricula and terminal diplomas . 
» We may easily quote from: 

Professor Finarman: ' ^ 

"In most countries, educational activities in computing usually 
lag behind those of the United States because of the restrictions 
imposed by academic structures and attitudes J' 

Professor Teichroew: 

"Large surpluses in supply are to be Expected. For ^stance, 
in the United S"tates 170,000 people are trained annually in program- 
ming. For the^ population of 560,000 concerned this would involve a 
ng.w. entry rate of 30 per cent whereas demand for programmers is 
ab^ut 13 per cent." > 

Professor Hebenstreit: 

1. "It Is more important to train teachers than to ■ubs^.dise 
the use ^pf equipment." 

2. "Expe^rfent students are being trained at present but they 
are only students." 



ERLC 



- 36 - 

3\ b 



IQ 

u 

CO o 

6 " 

o 

U 0) 

O TJ 

I'j CO CO 
W -H 
rO 

i) 



> 



o 
u 

0) 

04 



i) 


Q (h 
O > H 

H 

^ O 


. coco K^CMO^U) K><rwqb cvioo in 
ONO^ cncnoooo oooocovo c^vo m 


Incon 


Pi 8^ 

t) o in 


o>o> oofaoot^ c^c^c^vo voin in 


, Education 


College 
or more 
(^62) 


00 H O in K>VO H K> H 6^ 


High 
School 
or less 


o>a> oocDcot^ t^t^t^vo voin <r 


Age 


u ^ 
o ua^ 

O >C\J, 

. in 




lA C7>C^ 


o>cr» coco CTkCO coco t^vd c^vd m 


0) ^0 

tj in in 


coin -d-HHW KJHKJVO wcvj in 


(0 


0in 


t^in ot^OMn <M<r<Mn voc>j CT^ 
o>cr> cTkOO 00 CO c^c^c^vo yoyo <t 


Male 


o>C7> c^0^oo^- ooooooc^ Svo in 




Total 
(1.001) 


voin HO>dOH O00 00C3} q^<r ^ 



(0 to 

m 0) 

0) lOH 
+J 4J H 
(0 C <H 

0) o 



•P (O^tO 
>-i CO IS C 
H U O 

•d p -H -H 
^ bObO 

i) i) B < 

U U O O 
U £ CJ 



o 

I 



o 

H O 



10 

g g 

Q CO 



O H 
AO 
•H Pi 

<H ^) o a 
cd q -H o 

P -P -H 



t) 9 O -H 




to 0) I 

a)<H -p > < 

CO o CO Id I 

o (0 «) t 

ax O ^ r 

O 0) H 0) •< 

(0 (0 Pi -H a J 

bhH Pi O ^ O 

U) Pi ttfO) I 
C tt) C ^ - 

o -H ^ g +J , 

xi i) cd .a o 
0) a> (U (U -p 
£^<:>co i 



ERIC 



- 37 - 

3\ C 













0) 


e 


O 


S; 


< 


•H 


o 




fH 






€> 






.O 




CO 




CO 




o 




>* 






m 




H 
h4 






M 




a 


03 




0) 



0) 

04 



O >rH 

^ o 



o 
0) o o> 
jco<r 



0) 0) , 
bO 

0)* O CM 
rH e vO 
rH, ^ 

O 

u o 



(0 
. rH 

hO O rHKV 

•H jc in 

CO o 



o u,o> 

o ><v 
in cw 



intn 



0)^ 

go 



t> CM 



2P i^ti iT^'^^^ (X)CM;voo> o>kScm in 
c>-. c^(X) c^voin in mm/ .3-ir!rH rH 



o 00 00 00 torn en 
00 vovo vovom m 



vin m CM m m 

l/m m^ m<f rH rH 



S ITS^ /Sr*'^ 0>/o> CM VOO> <rrHCM CM 

c^oc CDC^m ^ 7 mm. 3'mrH rn 



C7> (S ro o Aj 



o>m r<^m vovovo • ov. 

^ m rH rH 



»n rH CO. ^ O I 
00 c^vo NC^l 



in rHKiCM VO 

M3 mm m<r m^rH rn 



CM aoo 0\rMO\ CM 
00 O 5^ ^ v£) 



mo* 



c^r^ mincM vo 

•^•^ rHj rH 



c^c^ (&vom ^ mm'^^ ^inrH rn 



00 o^c^' fn ^a- o^ mh* /<SmcMi m 

vov£^ vovom m 3^ m5 *m<r>H rn 



ON CVrH 



Nvo m 



(r« cMin ^tv c^rHvo a> 
m vo m ^ ^ mrH rn 



vo CM vo 

vo m in 



m^ 



mCaPrH 



vo 



to 
a 

U3 0) 
rH O 
CO 

•g5 

•H CO 
OrH 

o § 

5 



4^ 
(0 
C 

o 

03 
0) 



CO U 

B O 

0) 

W > 



3 U U 



to 



O 



5 ■ 



H 

rH<H 



0) (0 

ax: 4^ 

0) 4^ CO 



•H O 

0) 0) 0 OrH 
O W O rH 

§C O 4^ ^ 
0) •HO) 



D O C C 

: 4^ 4J rH • . 
l» O O rH 4^ 
. 0) > O 
J rH a j 

rH fl,^ 

td yh c ' 

i fl'p, bO (Q 

; -H O O 

4J 



' o 



(0 

o 



o . . . _ _ 

5 S 

O 73 O rH N • 
0) 0) -H -H -H , 
W rH 

O m;0 Q -H I 
A P O O < 



ax: 



ERIC 



38 



CO 0> CO H 

<r S 




S 2 H <^ o\ o Ko as 



lO VO 0> 
CM H 



^ in <!• rr\ ro ^ 



-d- 

csj H 



00 0> 



ON CQ 

csi <r 



VO csj »^ 



<t rH o> rvj ro cvj 

in ir> in -^^ <r 3^ 



rH 

fSJ rH 



■J in fs- m in 

•ir -d- ^ 



0> »H 
CSJ rH »H 



rH 



CSJ 



0> ON 
rH 



CO . CO rH 

in -d- 



O rH 



o in ro 

H rH 



CJ VO rH 

<f 



o 



rH O 
CSJ rH 



N 0> VO 00 
K\, K\ K\ tr\ 



in 



O Q CSJ 
C\i rH 



_ W43 
B « 

O 10 

com 
a u i> 

10 



CO 

CO O 
O PiTJ 
+» O 

(h 0) 
•P C c 
rH 4) O -P 10 tk) 



SrH o a 



v< 2 oj H Pi o 
•Ha«)rHft€)a)aj 
n B u i> 9) au u 

- ^ . . ^ . o o (d 

a •M0rH>»O >, O O 
I^Sf-S.-ti^ 10€)10+J«>O 

... +> +»io+ja a)^ -- 

O O O O M O p CJ 




rJ«i>H10rH433ti 



3 0) 3 4) 3 O S 



0) Q 0) 0) 



9 

U CO 



i 



t) 



o o 

" i . 

S5 IH > 

MO t) 

O "H 

CO CO H 

m 
o 

►3 



.pa 
o o 



5 

CO 



CO 



^3 

s 

p 
u 

0) 

PU 



<0 

,c o t) ^d- 

Ti) OH fO 

O w 
CO o 



i? 



O <S' 
H Jhw 
O 



t) O CTt 



t) t) 

t) OCVJ^ 
H BVO 
H , ^ 
O tiw 
O O 



U ^ 

o UQy 
t)VO 

o > c\j 
in o*^ 



I VO 



t) VO 

t3 mm 



H m 

(>4 



0) OJ 

H a> 



31 



cQcocTi mHcocnCiGr\c^f^m 



m<tvo r^mo^'d'-dTvjmc^m 
5) CO c^c^vovo c^vo mmcNj 



cococ^ voo«*covor^comm 
c^c^vo c^c^vo mvo m^^ c>j 



/ 



mvocr-d- mmmcom 



CO "fi^K ooc^vovo^^^vomvooj 

X / ^ — . 



'cqX /QOiCTi mmvoHHjc^nrgvo 
oDD^vcy D^r^vovo^inmmcNj 



T 



XD CXj/pm^ ^JfHO^CMVO ocT>c^m 
CO OffCO Cy^ c^Svovovovo-d"-d" c>J/ 



So 



--T^;! 

coc^c^ t^fCvovovJp'mmmcNi 



/ 



CO /cQcovo t>D^vovoc^\ommc\j 



CO coaSt^ >.D^vovo mm<M 



O 
CO O 

0) *r4 

H IQ 
4<> 10 to 

3 OH 

U P«d 

O 0) 

P«H H 
C P< 0) O 
S O > CO 

SO) 

O^ H TJ W)H U) 

O 'H 0) CO (d O 
VI (0 H 0) to 0) 

T) t) O 0)^ H 

o ^ o 0) <p U) (d 



Id 

a 

to 



0) 

o 

CO 
0) 



aa o 
(d 0) 

CO 

•p 

0) 0) o 
O U)H 



o 



o 

0) 

Q to 



to ^ hp to ^ 

P< b td H -P +^ -H 
o3 TJDtd-Hjau) 

p<a) 3 Q 0) >1 0) o 
CO o o o M 



/ 



ERIC 



, 41 _ 

53a 



'/ 




o 

4. COMPWEH^SCIENCE AND THE QUALITY OF 
^ . FUTURE COMPUTER SPECIALISTS' EDUCATION 

f Gerhardt St'ftgmttllerCl) 

Dlrektdr des teibni2;/''- Rochenzentnims der. Bayer 
Akademle dee Wlaaenschaften 
Mttnchen (Germany) 



COMPUTER SCIENCE AS A DISCIPLINE 



Arming about computer specialiata' education .In of no uae if 
it. does pot take place within the proper contex't of a common undtr~, 
standing of what we mean by the term "Computer^apc^ience" (or its ^ 
synonym "informatics") • Let me suggest a definition: 

Computer scjience^is the discipline which^ deals wit^: 

- the reprepehtation, ' 

- the actualisatlon, ^ [ 

- the properties, and 

- the construction ' / - 
of algorithms with special regard to their processing by 
machines . 

This definition p at first sight, may appear as a very narrow^ 
one. But it is not. Let me expand a little on the four points. / 
mentioned: ' 

First Xet me talk about thinga covered by the term representa- 
tion . There ap^i three ^ubpoints: 

/ 

Subpoint ; 

>Tnis covers technical aspects of languages , 
such as syntax, 
X se^ant;lcs, 
pji^agmatics. 




1) Lecture g'iven at the OECD on 6th October 1972 • 

a4 



i.e. it cov.ers^ all aspects- of .fornlal asj^ and of 

algorithmic languages. It is concerned with the knowledge 
about processing languages and programmes mechanically . 



Subpoint 2 

. .-These \re kinds of psvchomechanicall ^bpects v^ich I can 
* . describe* only .by ex^prles^ "Let me give two Very short ones: 
Ex€unple i I There is the good rule that theyintuitive meaning 



of a sequence of symbols in a programme should also constitute 
the setoantics of this piece of text i e .g ./the sequence 

f 1 + 5 1 I 

should not mean division of the varikbl^/ 5 i)y the floating 
point number one, etc., instead of iifs i!nt)uitive meaning . 
One couid call this the rule. of imme<ii^t e/ comprehension . 
Sample 2 ; Another good rule is thaly simple syntactic [\' 
constructions should correspond to s/mple semantic situations; 
complicated syntaQtic con struct ion s/siypuldl correspond to 
complicated semantic situations. 

Following this rule one gets an ^Wel^ikte feeling for the 
complexity of the programme ope is^^^wri-fcing. One cbul^ call 
this rule the rule of n^;j«*^ mapping c^f menit/al ^prd^^ses in^^v^ 
programming . 

This area is one of the most neglected ijy language designers. 



Subpoint 3 : 

This point, has som'fe connection i^ith the Previous one. It d(&als 
with what nowaday? is called striictured py-ogra^ing: language 
elements should be structured In s^^^^^^jj^i^^^i^y^^&^^^^^ 
are automatically more ifRiWirigTBle^ wlthdi^t mucn^^^Rstii^^j^^^an- 
ation. I . think here of the work of ^peopl^ Uike Dijkstra , Hoare , 
' Wirth and others . It is ;the most powerful ^nd promising approach 
to the" testing problem known thus far. It Iff-^igrnontrivial 
version of the paradc^xical sentence , that programmes are 
error- free if , >n£r only if, they are written correctly from 
,the very bi^^irming. ^ .1 

. So mu<5h about representation of algorithms . vRepreseritai^ion" , 
ititoked'^ it this way, is a wide field* in. itself . ^Languages deter- 
'mine the rails of algoritlimic thinking . *f he mclusyi on or exclusioiix^ 
of <;ettainvlanguage function may decide the fate\ of an application 
area foi-^-the next 10 yearsi (Exstaple: A^gOL ^0 an^ string handling 
in Europe during the sixties). ^ , . ^ v 

Let me ^talk now about things covered by the teij-m actual i sat ion^ ; 
Again, 



three subpoints should be mentioned for/illu^.tration: 
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Subpo int 



This cov6r5Nd(^^j7ea df how to sutiidivide the functional unit 
called computin^^^^tem into hardware and software building 
blocks an<J all the tr&d^of f s invdlWed in such a process.- 



Subpoint 2 ; 



This is the area_ii£^how to choose primiti>e^programming 
functions as a basis for the build-urt which takes^ place in 
each programme, Q.g. hov^ to choose an\ instiniction ^"t^ Of 
course, the same is true for microproaraminiing . 



has to be embedded 



Subpoint 3 ; 

In order to get a programme executed i" 

in a certain functional environment. Therefore determining 
the function sets vof general purpose oferating systems and 
of special application systems is an iaportant field wh 
" moreover, must always be viewed with regard to the continuation 
of these functions into the surrounding 

What is meant by the term properties o^:^ 
sketch by means of another three subpdints: 

\. 

Ibpoint 1 : 



human organisation. ' 
algorithms I want to 



This covers the area of determining the dynamic behaviour of 
programmes with respect to I/O, memory, instructions used, 
etc. It has. to do with the efficiency of execution, memory- 
time tradeoffs, frequency of use of resources, etc. It is also, 
on the practical side, the area of measurement techniques and 
tools. 



Subpoint 2 ; 

This has to do with requirements stemming from subpo ipt 1 for 
better languages; for instance, a good language should allow 
, the determination of dynamic properties by a static inspection 
of the programme text. « ^ 

Subpjint 3 : 

This deals with inner properties of an algorithm, e.g. the 
possibility of rewriting a programme>ih such a way that the 
essence of the algorithm is preserved While a more parallel 
fashion of execution takes place. Similarly, one could identify 
natural checkpoint-restart properties of a programme. 
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Finally I am going to mention some- areas covered by the rerm 
construction , • . :* ^ "N. — 

SubpDint 1 ; , a i 

It comprises all technical and managerial aspects o^'- prbgra^mic ^ » 
construction, e^g. ^ 

- choosing ra language, or, if necessary, even mdfcing one before 
starting; and " % " 

- stepwise programme construction after identification of the 
/ , functi^Dn^ needed ;^and \ I, 

. - verification of the correctness\of the jprogramme by careful 
testing; and \ 1- * 

« optimising a programme by » apply ing\r\ile^ like " • . • have' the 
function as far inward as.necessary and las far outward as 
possible •••"; and ^ \ ' . 

' - covering Special prol)3.ems with very largfe systems with many 
functions, and construction support systems, etc, 
^ '• ' ■' 

Subpoiait 2 ; 

• It has to do with environmfent interrelations while constructing 
>i * *■ " " " 

0 algorithms.. The following issues are of importance here: 

a) How to WQjk through a new problem areS such that an , 
'algorithmic solution becomes feasibly at all? 

b) What are the implicat^ns of the algorltlimic solution / 
for the environment? iW does the situation change when 
the computer becomes an everyday companion in this 
environment? ' . ' * ^ 

c) What are long-range changes in life-qualities for many 
people as soon as the computerisation has reached a certain 
integration level? 

This leads me to a- general remark on what the application aspect 
of computer science is ^all about: it is developing and organising 
future organisation, ^his is my personal view of computer science, 
it is essentially an engineering discipline, because one of its 
primary objectives is optimisation over sets of possible realisations, 

THE QUALITY OF EDUCATION 

Let us now begin to talk about educational aspects. To this end 
let me first report on some observations which anybody can make when 
looking at the computer field. 

First observation : 'it is a fact that everything around computers 
has to do with large quantities of all kinds of things: speed, 
paper, punch cards, bytes/second, people, money, etc. 




gecond observation; There is a rapid change of environments, 
equipment, techniques, people, etc. 

.(Observations 1 and 2 together with today's non-automated way 
of systems building have the cpnsequence of an enormous repro- 
, gramming and conversion effort which is continuously ongoing.) 
Third' observation: Problem areas seemingly unrelated in the 
past can no longer be treated independently. There. is a con- 
siderable integration effect. 
. Fourth observation: There is a wide spectrum, of the ways and 

of the frequency of usl^g algorithms: from being tried only 
--once (and perhapS: nevei- used for productioq) on the one end, 
to intensive use of an algorithm over years on the other. In 
most cases the' algorithms are complicated rather than simple. 
■Fifth observation: Each regularly used programme seems to 
need some degree of maintenance, either because -of old errors 
or for the sake of (so-called) "slight" functional .changes . 
The author believes that the change in the human scene by 
computers will be greater than by any other human invention in the' 
past. ' 

These observations Outline (roughly) the quantity and the 
quality of the ipedlple needed in this field. The ideal man needed 
must: 

a) have excellent ' knowledge of one or more problem areas, 

^ besides his knowledge pisoper about computer science topics; 
and 

b) see implications, interdependencies , constraints, far- 
reaching e(3Tisequences in human organisations; anti • 

c) himself have programming skill like a music composer;" and 

d) be resourceful; and 

e) be very good in communicating and cooperating with many 
other people, i.e. ideal for teamwork; and 

f) have a well-balanced attitude towards efficiency. 

This is the "superman" many institutions ^re watching 'out for 
so that he can solve their organisation mess (which was brought into 
the open when they set out for the "automation"). What we can Justly 
ask from the computer specialist is, of course, that he contributes 
towards solving these problems . 

UNIVERSITY OUTPUT AND' yfcOMPUTER SALES 

How can bur educational institutions provide for such top 
people in such large quaT^tities? Do we really need so many of them 
so well educated? (The/ author tends to answer the last question 
with an unconditional 'ires".) 
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Our standard European univeraitiea (when they have "completed" 
their internal ataff and teaching material selection) have^a certain 
output rate);which, per "big" upiyersity , .will be roughly 100-200 
people/year. These people will n&t be of the kind described above, V 
but they will be educated with this ideal in mind". Perhaps 5 graduates 
per university and year mat actually come close to the ideal. On the 
other hand there is the raiJW dissemination of computers dver our 
countries which will necessitate the employment of a multiple of the 
number of people the universities can produce. * 

There is the well-known migration or diffusion of employees of 
completely different and unrelated professions (e.g. bakersr, truck- 
drivers, 'butchers, secretaries , salesgirls, etc.) into the computer 
environment. Often they are encouraged to do so by irresponsible 
private^^hools and. companies . They ^$art with etfCareer as an. operator, 
become (after sonie time) organiser?^ or "applications dr systems pror 
gr«6mera" and, again, after some time, play an important role in 
^/^decisionfl which may influence the is^ironmeht of thousands pf people, 
without ever having had a sound education even sitightly resemblfng 
th^ contents pf lectures adequate to cope with the above-mentioned* 
objectives i (Example: Such "systems programmers" in the public aSmin- 
istration Influencing the format and the contents of the personal 
identification keys^ in an information system covering all people 'of 
a nation. rPheir "advice" producing the usually poorly made billing 
systems of public and'' business ^)odies of all kinds.) It is estimated 
that the rat'io of well-trained personnel to Buch "underground experts" 
is 1:8 to 1:10 in most countries with high computerisation. Because 
of the expected output rates of the universities on the one side and . 
the ever increasing sales in computers on the ather, this ratio will 
become worse . (with all . consequences, of this tendency). In the United 
States the ntunber of these "unwashed programme??s" ' is estimated to ^ 
amount currently to 350,000.(1) . 

All educational efforts mqst be viewed with regard to this 
situation. We are overwhelmed by the mechanics of computer sales 
with no chance of a short-range cure. There is only a slight hope 
in the long run, based on the following assumption: ^ 
In the future all kinds of systems may. in the end be .generated 
more or less automatically with more safety, eiise of the testing 
problem, a much shorter development cy^;le, more possibilities 
for experimentation, etc, as .'consequences , This will^^ncrease^ 
the influence of the well-educated people and at the same time 
/ get large part of the unwashed programmers into their'* propep^ 
* . act ivityr area: parameter supply and observation. 



ly T, steel, IFIP-^onference , Zakopane , September, 1972, 
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^ SOME OBiSERVATrdNS IN Tfffi EDUCATIONAL FIELD, 



University education will produce two kind'i of people: 
a) computer 8ci:ence majors with a minor degreck in an amm^- 
cation $irea, ' \ -'^ 

' b) app3:ication area majors with a minor degree W computer 
spienc^. 

Application areas are, e,g, physics,, chemistry, busin^ess 
administrations, laMfme^Licine , etc. The education in computer science 
will hdVe to emphasise ''flexibij.ity, resourcefulness, ability quickly 
to understand a problen^o appiy^^ general prinof^^er^ the proper 
way over detail knowiedgTTwithout however neglecting it. 

Currently many computer scientists ^ill have to fight. ^heir 
way within inadequate mathematics or'electrical engineeriii^depart- 
ments, where traditionally tlje importance and the implications of 
iJii'ogramming are grossly underestimate^-. As a consequence most uni- 
versities are at present unable to "offer enough practice oriented ' _ 
courses. ^. 

Polytechnic institutes and private schools are in. danger of 
offering too much vocational training. They tend to favour the 
details of today over the long-lasting principles. The output of 
these schools consists of people who are rather immobile. These 
people will have a much harder stand in this rapidly changing field. ^ 
A considerable upgrading of the quality of the education at this 
level is necessary. .--"^ ^ 

The. si^yeP^^^s even worse with the '^ducatlgg^n^,^^ 
some companies. To quote a well-ls;|Spwn ^ojip«l^?^i^ntii^ thei.r 
"conti*ibution" disgrace to culture. 
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WHO WUST ASSURE TH& TRAINING - PUBLIC AUTHORITIES , 
PRIVATE iRSTITUTltiNS OR MANUFACTURERS? 

• ' ' by . <^ 

Wladlml»r Morcoairof f 
Scientific Director of the CNRS 
\ Head of the Information Processing Commission 
Ministry fit Education 
Paris (France) 



^ ^ f y 

We are all aware of 'tile huge ^velopment of computers in the 
lesj_^^ftd<? , the growth rate between I960 and 1970 frequently 
reaching and sometimes exceeding an annual 25 p^r cent.^^-Although 
It has elowed down since the onset of the^l970s ; as a rul6 itfi still 
EX^^tiLja^-ts^T^Xy'^QT cent pef year. This marked expansion has 
created cop?espondlng training needrf, A brief history of the, develop- 
ment oif computer utilisation is necessary in order to show what form 
tl^dl^^eeds sdmetlmea^take • , 

Theflrst computers worthy of the name originated during the 
Second World War^or the purpose of calculating complex missile^, 
trajectories ^ the computer being designed as a gigantic "calculating 
maohine** for performing scientific calculations. The large-scale 
computers me&iufactured by UNIVAC, CDC, etc, are almost in the direct 
line of descent, but can be used for many^purposes othe? than scien- 
ti^c calculation, IBM compilers are^^he result of a somewhat differ- 
ent approach as by the 195€i3^uhe^ IBM Corporation, specialising in 
office equipment, foresaw theVAiormous development of computer util- 
'isation in managen^ent /at presjnt three-fourths of computers installed 
are used for management), Thus- the computer is not merely a calculate 
but a logical machine capable of processing chains of characters^ 
means of pre-recorded programmes, This\ observation is the kgy^o most 
of IBM's commercial growth anrf^uch of/ computer/ develo^joem. To 
promote its continued expaK^o^, the Jfiajority of c^puter manufA'c- 
turers had to s^'"up ext^sive trayrang se^^^e^ for their customers. 

Realisation of the existence /of tj&er'^clence of information 
processing" as distinct from "comi^uter science" is much mor6 recent. 
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The French *word " InlTormatlQue'" . coined In 1957 by Perret» rapidly . 
became established in France (it was defined by the Acadimie 
fran(jaise in. April 1966) but until recently was.^low to gain', any 
ground in other countries. Of late, however, informatics is a word 
which has come to be widely used in English-speaking countries,. 

A^ the same time; the computer arid the modern sorcerers who 
.taught these worfderful and costly machines the power. of speech were 
'acquiring a legendary aura. To be a computer expert' seemed he 
an "open sesame" to, the future; the resulting fascinim^g aji'peal- 
.of the pt'ofesaXon was to be vastly exploited by certain\n*lvate - 
enterprises, some' spejcialiaing in the sale of computer courses, 
Vhile others rather dealt in pipe dreams. The authorities concerned 
themselves with the kind of demand whiqh was taking shape, and.Wlien 
the Sixth PiLan (1971-75) was being pt-epared, in France a Commission 
<i'»6tude des 'besoins de fortoatiorv en informaticiens (Commission on 
Computer Manpower Training Needs) was set up. ^ ,/ 

The-, role played by cdi^aputer manUf acturer;* in the development/ 
of information procesaingrp the very real increase in demand, apd^ / 
advertisi'ng^tfmpaighs .<Jf private fi^m's^ r^ise the question >f whe|t 
the respontflhillty for computer man:^wer, training, shouid^^^lie - with 
the government, with private institutions or with manufacturers. - 
The reply, which must naturally be qualified, is one we shall now, - 
try to enlarge upon. A -first point which' must -agaip be urge^ is the 
.distincftion b9tween computer science and information processing 
(much like the difference between the science of telescopes >and 
astronomy). To emphasise this difference, the Commission referred 
to above changed its name. in the course of its work, calling itself 
the ''Commission d'^tude des besoins de formation eii: in^rma^ique**' 
'(Commission on Inform^ation Frocesaing Training Needs) , thus bringing 
out the difference between the mere need for staff to look after . 
the machines and the general need for training ip all the^sphepei^ 
liyhere information processing is used. ^ 

To discover who should be responsible for( such training, we 
mutt try to define the ijature of the instruction' required'. The ' 
importance in mg^rn times of information procojTsing suggests that 
it pxteftds far beyond mere economics, and it^ significance has 
Inaeod been coto^ared to that of printing . The twentieth century , 
instead of being called the automobile age , one already changing 
our way of l\fe, might well be regarded as the age of the computer, 
or one revolutionising our ^ay of thinking . 

To understand the pKenomdnon it is well to revert to the very 
nature of informatio|i processing by citing one of the best defini- 
tions- of the Frenph word "informatique" , which is that o^^ the French 
Academy; . _.>^he science of the rational processing, particular Iv ^ 
by autti matie^machines. of information regarded as a cknowledge and 



coAuniml cation medltun In the technical t economic and abcial fields " , ' 
This definition makea a now classical distinction between semantics 
and syntax: Information^ is the medium for conveying knowledge and . 
for comfflunicatloh independently of thelB meaning. One of the most 
traditional media is the vfrltten language, which takes the form of 
alphabetic and numerical symbols, pun ctuati oil marks and* spaces, etc. 
The purpose of^lnformatlon processing is to manipulate these symbols 
(syntax), e.g. by arranging them in alj^ha/betical ordet*, putting them 
into the Pplural" by adding a su3f;flx to y^ach "word^ ^ etc., indepisn-s*^ , 
dently of their meaning (semantics). 

In short, "the »lnfar6ation procesj^ing approach" is Comparable 
to the normal meptal process (Fig.l) Which consists in paarsing from 
one body of knowledge Icallfd "hypothesis" to another called "con- 
clusion". The process leading from hypothesis to conclusion , known 
as "reasoning", brings logic, imagination ^ Intuition, aijalogy, e'tc, 
into play, "Reasoning" closely blends semantics <knowledge Itself) 
and syntax (manipulation of the knovfedge medium) .' Thus , f or Inst^ance , 
the process leading f r:om .suoh a hypothesis as ejJistence of the 
telephone and telephone book to such a^ conclusion a^ the correct > 
time of day consist^, in looking up a series of chairacters in the 
book (telephone number) associated with another series qf charigicters 
("time service"X and dialling the^aisrles on the telephone. iJlnce the " 
dual operation of looking up theyfcharactefs. and dialling is erftirely - 
independent 'of the cha^racters* jfieanlng, it could be carried out by 
an automatic device.'. 
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'• 'Information i5roceaalng precisely ^consists In syatematlcally 
Identifying anything In the traditional reasoning proceaa which 
simply c^lls for the manipulation of symbols (syntax') ai1d,jlf neces- 
sary, entrusting the^ latter operatlon'^to eln automeitic devlbe (a 
computer) which is "programmed" to yield some desired result;, the 
machine deals with "data structures" whose meaning (semantics) Is 
unlinportant . . « ^ 

It will therefore be sepri that Information processing in this 
form Is of far'-^reater general scope ^and cultural value than any 
mere computer .manipulation . rt:meahs that a process Is available 
which ;has t^e adv€j(htage of being more objective than any ordinary , 
mental approach and whlTCh can become a very powerful tool If It Is 
associated with ^ultable data processing methods* It will ^Jlso be 
realised that It can be used so many ways as to Include almost all 
human activities, 1 •set- those making use of a knowledge medium. In 
thls^ sense information processing Is comparable to the art of print- 
ing , w^iifch broadens, complem^T^^s and extends. 

This analysl^s theretoi^ shows that any systematic association 
of the computer wy.th' information processing should be avoided, and 
that the latter should even less be defined in compuiter terms. While 
invention of the computer has* revealed the existence of information 
processing which has thus been given its real dimension, the computer 
is in no /way an essential component. Although iiiformatlon processing 
courses should hence not disregard the m^rflne'^ existence, they . 
must go further if ;they are to deal with^the cyltur^ and practical 
aspects of the suyject: in future everyone will hay^ be aware 
that information is Indeed processed, even if ey^>yone does not 
happen to process it himself. Similarly > an increaaing number of 
occupational activities will come into tontact with information 
proceeslng, when it will have to be used even if computers are not 
handled directly; finally, m6re and more computer specialists will 
naturally be req^'red to ua*, and above all use efficiently, (i.e. 
^"rationally" according to the Apad^mie fran|aise definition) as well 
as design,, ever more sophisj^rtfated computers in e^ver greater numbet^s. 
Three t^es of trajjrlhg are therefore required: 

a) Publig awac^^ss . This consists in teaching the public that 
it #iiUJts, what it is used for, what it can dp, yhat its 
14^altations and dangers are, what the role of computers is 
and what Job-s are connected with 'information processing. 

It ia part of the gendi^al education of a nodim country's 
future citizens. 

b) Initiation .^ This means teaching anyone wljose work calls 
for the processing of Information *enoughj abo^t, the use of 
such a tool , without however going into any/givaat (jletail . 
The persons so initiated must be able to uAe Infofmation 
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•procMfllng 55 they woViJ.d k telephone smd- to ^aupp'lem^r 
theilr knowledge ahbultrvrecourae to som^ specific infd 
/ atlon^ t^chnWue rieed<^. 

^ 9.)' SpefclallBat^lon / This c'ori^lats iii training persons wht 

naln occtiijatldn will haVe \o do with inf oridation Voc 

/ ' ' It i^thls ncfed which is mos^| directly computer-or"!! 

and most commonly perceived: the goal is to be an analyst 
prograi^er, console operator or in short a "computer 

speclaXlVt;" . * - / 

, It shouldV however, here be ijo^edf that computer spe 

training id/ bound to become stMdi^ broader. Rapid* tech- ^ 
% nologic^ c/hange increasingly/calls ' for general education ;\ 
^* similarly ,^the many Nnew uses^of information prdcessing\ 
' require - training in some aiddltional field., such as in brgan- 
' Isatlon for business manij^ement , in. medicine for medical > 
applications^ and in jbea^ing theory fqi* 'e ducat io^al^rposes 
etc. The numbers of^ure" computer specialists will de- 
crease and ,wlll be ©ployed mainly by computefyiiianufacturers 
and in computer r(^Bearch>^oratories, 
' A rather obvious bu%>1trljfrl1ig ll'lAistratlont^s.uch levels o^ 
' ^ training may not be amiss ^^In forma tlxjn procesaijig paJi be likened to 
y the use of a hammer, j^b'llc awareness consists in finding out that 

a tool called a haauner exists, that It car/beT used for /such various / 
purposes as cllnc^lrt^. hammering, and driving nails but not screws; 7 
that there is a da^i^ger of hitting one's^ fingers, and that if the / 
purpose is to Aract;ise som^ trade where a hammer is used the right | 
/ • sort of trai^;^irg dan be 9btalned, initiation consists in teaching '/ 
the .rudimenta^to anyone who may have to use a hammer, for installed-* 
how to drlve^a nail into a wall in order to hang a pictux*e. Special- 
isation i^^raininfe Jf6r some trade in which the hammer is ua<id as the 
principal topi; such a^ carpentry and joinery, etc, generally calling 
for pthfT types' of knWedge, Finally there might conceivably be 
••pure"_hammtfTf specialises, e,g, theorists maklr^g a study of the most ^ 
suitable form for' some particular use, 

The yari6i:^a ^typ-es of training for information processing having 
thuV heen cjWfined, an attempt can now )3e made to determine where the 
responsibility for training should lie, 

// From, a/ general standpoint the answer seems f^ilrly clear: when 
"seen as a ^ole, with a cultural and social rcjl^ to play, informatiojv/ 
processing is primarily something which imat be taught by the authori- 
ties. This does not mean, of course, t^t it should be the monopoly 
of public education. It will thus h^ell to review what can or should 
be done by computer manufacturers and private institutions. 

We hava already mentioned the enormous training effort achieved 
by the manufacturers,, While ihey have certainly done pioneer work, , 
they hava also had the commercial aim of promoting products, creating/- 
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nAedi? among potential custc^mera (^briefing or inltlatioti courses for 
maAag'^rlal staff )cor enablllng such needs to be projnlptly met (training 
^ j .couraei for the . customer 's bwn lemployees) . The coat of this dervlfce 
^ Is, of Course, growing considerably* and manufacturers are increasingly 
\. Inclined N^o charge for It, -^us themselves setting up >a^^arket for ' 
, computer mWower training, padlng manufacturers wouW most certainly 

]^1«e the authorities to take over the '-bulk of co|)(Spi^er training since 
^ythey feel th4t they are not equipped for the tasj^and seldom have t^e 
,pieans of carrying It out In view of all It ianplles. Just as motor 
i^anufaptwr*ers a^ unwilling train motorists or prejiare th^ ground 
t^v automobile soclety^^so are compute manufacturers. reluQtant 
tc^-eradn InfQrmatfH^n sp^dlallsts ol? p^e the way for et ioclqty In 
.-?fwhlch lnforiSat4.on pVo^esslng will Utiy a major roje^ This they do not 
w^t because they mAx know that iTi if o mixtion processliig Is not 
synonymous with xiromputer scien^/ ajid that Just as a person changes 
from some makre^ of car to another hi can also change to another make 
of conjputer. There la only/one typfe of training that manufacturera 
should continue to provide,: that kirectly connected with the com- 
puter equipment- ItseU, 1.^. of staff directly involved with the 
machine (console opet-atora/) and ckrry^ng out technical and commercial 
tasks for the manufactureyf himself ' (design , operation, aales, Instal- 
latlon , malnten>6lnce^ etc/) . 

What should the ro/e of pj/lvate Institutions be? This question 
Immediately b-rlngs to^folnd the exaggerated claims made during these . 
last few years by va^ous firms selling empty promises rather than 
any serious compiut^r training course to the public. (»'3^come a 
♦programmer In threfe weeks" was the slogan used In certain advertise- ' 
ments). Yet the^e claims should not hide thp honest efforts of,<:ertaln 
enterpriser, ^uch as consultant flrmtj on the subject (socl6t£s_de 
consell en Informatloue) . We have already noted that certain manu- 
facturers, notably IBM, are likely to charge for training separately, 
over and above their equipment. This has created a training market 
which the consultant firms are rightly exploiting by offering to 
provide a^ more "personalJ^ed" service than the manufacturers do. 
It may be pointed out that unlike that given bV/Vivate' enterprises 
'this sort of Instruction Is more closely akJ4^^o continuous than ^ 
basic training. / / 

It Is In the i^rftter of basic trali^ing that the authorities have 
the largest part to play.' Awakening res/onslvenf^ss , which Is a general ^' 
form of education- deslgheid for the future c^t^ens 'of a modem countt-y,/ 
mainly takes place at seoondary-school ley%l. While some action may 
be envisaged In primary school,- and wh>fe It shoVd also be a part of 
eontlnulng education ..most of It belongs at general secondary level.. 
Action of thl^type has been undertaken irf various c^ountrles , ai^d^lt 
may be well^to record that of the French Ministry of Education, which 
Introduced information processing to a number of teachers from every 
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".dlflclpllne pi general aecondary education; a noteworthy point lay 
that ttanikacturera contributed to auch^ft retraining project by o/o^ 
vldlng the relevant couraea during th^^ first year (1970/1971)/ after 
training for one achool year or by correspondence the teache^a then- 
help- to prepare examplea ahowlng the uae of data proceaalng In th«r 
own aubject; they try out the examplea In their olasaea and aome, 
teachera are, abl^^ to lllustratA them on\ mlnl-jjfomputera aet up 1^ 
few lyc^es for educational puraoaea* 

Introductory couraea al^o pelong in publ»j education. Weneyer 
they aiipplement other forma^of training they feould/thua be/proylded 
wlt^^ll duch typea of Inatructlor) as provided lay the ediK^tlonAl 

If the couraea prepari^ attjd^nta for acime profeasic^n, then they 
generally ipome under hlgh^er ediication (which la the l4eal level for 
introductory couraea in information proceaalng) • Yey afecopdary educa- 
tion,' Inaofar aa it prcxvidea ofecupatiybnal training/ also haa an y 
initiatory role to vX/y* example/la training iseople for Jobs in / 
the aervicea aector ^n<d an li;^troducyory courae in the art of captur-^^ 
irig, handling and retrieving data Will .become increaalngly important;' 
In continuing edy/atlon, the rudWenta of inflation prdc^jasinc// 
should a/yo be /pafrt of most priS-i-profeaalon6l coUraea . // 

Finally, >,9ej(^allaatlon in/lnf ormatloi/ prbce'aaing of co^ie haa 

its place in ^.-.r, . ' / / / 

spe/^i^list gra4ya (analysts , /Systems deflOgners , englneera/^d projec^ 
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'ly belonga ill higher ed^atlon and that ifoi* operatlv^e 
lera, etc.) /in secondar^ education. Bu^ifi this typy^ of 
/ trainirwM»or4 than other/, constant^technologlcal/fhange recTvalrey a 

f neral form of j^ducatj/n aa a coftplemeAt to s^^lalisatl^n , one which 
nnot eaally be prov^^ed aa pa^ of t/e baaic training /dbtalr^&ble in 
ivate instltutloW< In coptin^ulng eiUication, however, thia aapect 
may be of aecondarAlmporta^ and pHvtite ijifltitutidns may be better 
equipped to take/a hVnd. Yet even iA contiplilng education the authorl- 
tijtfa cannot allege theVj^gl feet the/r reapdnalbllitles and, even if 
ihey dc/ not pi^ylde ^yS?ry requiai/e facility, they should supply a 
number of pilot cou^'aesv which cari be^uaed aa jiiodels and if necessary 
help to raise thip^atande^d of the training, market. 

Finally, the authoritiea may be said to have a basid training 
ro?.e to plAy in information proceaaing. After all, from this stand- 
.point it ia not a aubjlect in any clas^ by ^tself , a conclusion which 
/ need ciaviae no aurpriae when/ it ia realiaed that information proceooing 
ia nbt computer a/ience artd ita cultural role ia underatood. What the 
m^uf ^cturera » /afik will/then be ia to deal with mattera directly 
concerned ^witl:r' e4uipmen/ anc^ aalea* Private inatitutiona ahould per- 
fo;*Tn th^lrJ n/r^al duti/a , especially 9ra regarda continuoua training, 
^Ithough fM ^uthoritiea will have to take steps to upgrade the 
/market aftd jAiit the atandarda for 
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IV 

WHO^MUSI? ASSURE THE TRAINING PUBLIC AUTHORITIES . 
PRIVATE INSTITUTIONS OR MANUFACTURERS ? 

by , 

Jacqu^fl F. .BlackbUrn 
Director „ 
IBK European International Education Center • 
i Bruaaelfl (Belgium) 



Ing the last two decades we have seen a very rapid growth 
the usage or electronic data processing equipment and in the 
usage of communications equipment. In decent years the use of the 
two together in the same system has become Increasingly common, fn 
the early years of computers and computer science the percentage of 
the population affected \>y them was very small and as a consequence 
all aspects of their use,- including training and education of com- 
puter speclalistft, was a matter of relatively ' small concern to most 
people. 

With the recent rapid expansion of the Industry and the appli- 
cation of computer technology to so many new fields there had come 
an irtpf^ased j^bllp awareness of its Importance in business, in 
science and in aociety as a whole • The importance of this Industry 
is now such that the attention of those who h^ve ,been responsible 
for manpower training in the past, namely the manufacturers, the 
users, the private educational InBtltutlons and the public authori- 
ties, should be focused on the' question of how best to ensure ade- 
quate and efficient training in the future. Perhaps the tlme^ has 
cbme to determine areas of respons^.blllty among the four principal, 
groups that will provide auch training and education. The author of 
this paper will view the question from the point of vlfew of the 
manufacturer but will of course also di'icuss the roles of the other 
*hf^e groups as well, but as seen from the point 6f view of the 
manufacturer* 

^ In the very earl^ days of electrftnic computers most of the 
training of. computer manpower was done by the manufacturer of the 



equipment and often on the i)remlBes of the manufacturer. In thjose 
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days when programmes were writtifen in machine language , an under- . 
standing of the inner Wprki^^^a^ftKier"' particular computer was ks 
important to solving a proble6^1wa^*ran understanding of the s^lgor- 
i thm, f or the problem solut'lon . -Ab the number of computers in uste 
grew, the need for specialised training of course also grew and lAuch 
Qf the training of computer manpower moved to the user organisatif.on , 
but always with strong assistance from the manufacturer. 

Until recently comjJuter training or training in the use of . 
computers in the university was confined to a single department o^ 
computer science or to another department responsible for the 'dom- 
pu-ting centre - often the mathematics department. However in very \ 
recent^ years there has been a \trend toward making use of the com- 
puter ^or problem •'solving in many departments. Students in th^se 
irarious departments do not necessarily become computer scientists \ 
iikthe traditipn^^ sense but learn how to apply the Computer to the 
solution of problemk^-^n their field of interest. This has become 
in'creasingly practical with the advent of. problem oriented languages 
x'rathei^^^-^^tian machine_aiJ^nted languages. Another big factor has been 
the evolution ot systems, including remote terminals, which permit 
interactive time-sharing computing. " 

J believe this kind of expanded use of the computer into all 
or nearly all disciplines in a university will continue to grow. 
- There will pontinue .to be a need for tfte computer science depart- 
ment to train the rekl computer specialist who understands cifaiputer 
hardware arjid oper^iting systems . However th^re will be ^the much 
greater need to train much larger number of students how to use the 
computer as a tool to solve the^ir particular problems but without 
the necessity of becoming computer scientists. 

Analogous with %he above Arends in universities will, I believe 
for the same reasons be a trend toward ^much wider use of the com- 
puter in all industries, EacJx co&parTy' will have its- computing centre 
^with its own computer scie/itists who under st and othe hardware and ^ 
operating systems, but throughout the organisation will >^e/Users 
at terminals who are interested only in problem solving and who 
probably learned their techniques and methods in the university , 
Indeed this arrangement exists now in a number of companies. 

Another important factor in the changing nature of training 
is the rising importance of computer assisted learning. Several 
universities in the United States, e,g. University of Illinois and 
Stanford University j have had remarkably great success^ with this 
method of learning. If this sort of success becomes more, generally 
realised the impact on education cou*Id be important. 

Since methods of training is not the subject of this paper I 
shall hot" pursue the question of 'computer assisted learning any 
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further. However I should mention that two other factors. ir/ the 
changing nature of training are of considerable importance i One of 
these^is more complete and better organised use of libraries. Systems 
are in use for retrieving refereticeso and material about a /given sub- 
dect through terminals remote from the library. Another important 
factor is. the movement of computer training into lower a^e groups. 
Until recently yery few primary and secondary schools weJe offering 
any training in this field However the number will almost certainly" 
grow and it is made possible through the development of /better and/* 
^ , cheape.^^^computer terminals and their u&e- in computer "asLsted learning, 
■ In the light of what we know today we might ask oiirselves what 
will the training and education of the- future be like ./There will 
continue to be at least five main groups to be trainee 
1) The computer user in industry. j 
V\ 2) The cpmputer scientist (or computer professiohal) whethet 

he be in industry or in a university* / /. 

3) The university student and faculty as users./ 

4) The priaflary and secondary school student and faculty as 
^ Users. 

5) ^.a'he computer operator. ^ 
J - There ar0 clearly a number of other groups one coulfd name, such as 

the handicapped, the disadvantaged, the prisoners knd the adult " 
^ students. However,'! believe that from the point Jf view of numbers 
j , of people affected, the five groups above represent the majority of 
1 people to be trained, / 

I now come to the main point of this paper i namely to the 
question of who should be responsible for providing the training or 
education for the above groups of people, I sha^l defer discussion 
of the role of the manufacturer until last but that is the role to 
which I shall give most emphasis, \ 

In mosi: countries the public authorities (Department of Education* 
for example) are responsible for ensuring appropriate education in 
the primarV-ai;id secondary schools and in some cases colleges and 
universities, rE^-iia^r^come^ clear that a part of that education should 
be trapping in the use of data processing or computing equipment for 
pf^oblem solving or more generally for achieving objectives. Industry, 
including computer manufacturers and various foundations, can and 
should provide assistance in this education process in the" form of 
grants or other financial assistance. Also they may provide assis- 
tance in the form of tea<:hing^taff on a part-time basis or on a 
sabbatical leave. However, since the primary responsibility for edu- 
cation in this group rests with the public authorities it follows 
that the primary responsibility for their computer education will 
also remain with the public authorities. It is probably primary and 
■ secondary education that will be most affected by computer assisted 
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learninjg. This is true in-part because the educational material at 
this level is more structured and therefore more easily adapted to 
a previously prepared learning programme • It is also due in part to 
the greater nee^ here because of the larger nximber of students and 
the greater shortage of qualified teachers at this level. • ^ 

Tfhe development work for computer assisted learning shAxld cer-^ 
tainly be carried out in part at th^ instigation of the" public 
authorities. In Canada this seeas to be the main driving force behind 
this development work. However others, including private institutions 
sucl^ as private universities, and manufacturers , should play an impor- 
tant'role in the development of this new approach' to educatipn- In 
the United States, in Europe and in Japan a fair number of universi- 
ties are experimenting with computer assisted learning methods with 
some significant success- In addition, several manufacturers ar© 
also carrying out experiments with this method of education within 
their own organisations and sometimes in co-operation with a univer^ 
sity or a secondary school - 

The tiniversities , whether public or private , have played an 
important role in computer education from the beginning And this ^ 
will and should continue to be so- After al:3>, the university is 
responsible for the total education of its stuj^nts and clearly this 
includes computer education. The concern of mostNo^iyersities will 
be mainly that of how best to use computers tq solve problems and 
achieve objectives- However, there wilj doubtless continue. to be a 
number of tiniversities with a group of students and faculty concerned 
about computer science in the traditional sense - computer design, 
programming, language design and operating system design". And this 
should be so because they will thus influence the-design of systems 
in industry and will also provide a source of new people and fresh 
ideas to industry- Tberefore the universities should, in the interest 
of useful education, strive to attain at least two main objectives 
in the field of computer training- First, they should endeavour to 
ensure that students in all fields receive instruction in how best 
to solve the problems or achieve the objectives in that field- Often 
the computer will prove t© be a useful means for achieving these 
needs- And when this is the case the' tmiver sity should make sure 
that the fact is brought to the attention of the student /a)[id that he 
is encouraged to use the computer in^ the best possible way to meet 
his needs- The emphasis here should be on getting the Job done and, 
where useful, the computer should be wqrk^d into the process in the 
most natural way by the student with the guidance of his teacher - 
This, of coursi?,> requires that the teacher be well versed in the^ use 
of the computer to assist in acJ^ieving the course objectives- Secondly, 
the university should pro^^de a Sequence of courses in computer science 
which will, permit those students^\who are so inclined to speciali.^e " 
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in this technology, Fr/om this group of stuaents will come the 
apecialists in computer science for the, various industries needing 
personnel to run theiir- computing -centres . Because industry benefits 
from the existence of . computer education in universities, it is 
appropriate that assistance, financial and personnel, be given in 
a variety of ways'. 

^t is also clear, I think, that part of the responsibility fqr 
training, of computer manpower murit remain with the users of computers 
in industry. Computer users in various industries have^ always redeived 
vei^ substantial assistance from computer manufacturers in the* train- 
ing of their computer personnel. In the very early days practically 
all of this training was'done by the computer manufacturer. However* 
as requirements grew the user has assumed more and more responsibility 
for training his own people - especially in the use of computers for 
applications work. 

When we speak of applications work we. are referring to expertise 
in the use of the computer as a means of achieving the objectives of 
the particular mission. For example, the mission might be that of 
forecasting tomorrow's weather. The applications specialist in this 
case must be able to state the problem in a form which can be trans- 
lated into a computer programme. This might include derivation of a 
,set of equations representing the flow of the atmosphere in &ome 
slightly idealised form. It may then include approximating this set 
'^of differential equations by a set of finite difference equsil^idns 
and finally prescribing^ a method of solution of the finite differ- 
ence equations using" observable or verifiable information as a.basis 
for determining changes with respect to time and thus leading to a 
set of future conditions. 

i Sometimes a substantial' amount of. training is necessary to 
^prepare the individual to do the necessary work to state the problem 
in a form w^iich can be directly translated into a computer programme. 
The amount of training netessary is of course a function of the com- 
plexity of the application. In this field the user is sometimes more 
capable than the manufacturer in supplying this kind of training. 
The manufacturer has tended to concentrate more orl the training 
related to^ the computer hardware and the operating system. The 
decision by several computer manufacturers in the United States to 
price education separately has further stimulated the trend toward 
users of computers in industry carrying. out their o'wn computer edu- 
cation programmes. However, there is a danger in going too far in 
separating the hardware and operating system training from the appli- 
cation work.. The computer manufacturer must maintain an understanding 
of the applications for which the equipment is used in order to 
continue to improve the design in n direction to facilitate applica- 
tions wo"^k . " 

\ 
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Nevertheless the>4najor responsibility for computer education 
In the application field has passed to the user and this will most 
.likely continue • 

. We come now to the role of the manufacturer of data processing 
equipment In computer Inanpower training. Education Is Indeed a major 
activity of .the computer manufacturer. First of. all the manufacturer 
must be fully responsible for the training of the company's own 
personnel. This In Itself Is a substantial task In an Industry that 
Is changing so rapidly. For example, In 1971 IBM employees In. Europe 
spent more than, 265, 000 student days In formal training programmes, 
achieving more than 18,000 specialised course completions In the 
process. Vfhat Is the nature of this Ihtemal education ±n IJM In 
Europe? Most of It Is basic and Intermediate tralnlng^^^f^r^elatlvely 
new salesmen ^d systems engineers In our mark^ttng fov^xK This 
training Is designed to give them an und erst and Ineo^P^he products 
IBM sells and services, and the major appli^^titSns for which these 
products are used. Each new member of IBM's marketing force spends 
about 18 months undei^golng training - six months receiving classroom 
'education and the remaining year In closely supervised on-the-job 
training. And after fully qualifying fls a member of the sales force 
he continues to receive a minimum of three weeks refresher education 
each year. Most of tt ^ educ^ tijuft-^ls^arrled out by the local ^EBM 
companies wlthinr'^he various countries In Europe. However, IBM also 
has a number o5^s4.ntemational educaj^ion centres that carry on 
advanced eddcatloiNCor salesmen^/^stems engineers, financial arid 
administration managers, and^xJ^hei; managers. This training ranges 
from one week to thre^^jaoiiths and amoimted to about 50^000 student 
days in 1971. Most of the training^^afctissed above is in the market- 
ing organisation. In addition $he sis/ laboratories and six plants 
in Europe have extensive internal education programmes for training 
development engine,ers , manufacturing specialists and others. 
' In 1971 more than 100,000 technical and managerial customer 
personnel underwent; instruction through IBM's education programmes 
in the latest developments in data processing for a total, of 1.1 
million student days. In its ecffecation programmes IBM places strong 
empiiasis on practical work which allows the student to leam from 
his own experience. For example, extensive use is made of computer 
simulations in so-called business games which make it possible for 
students^ to see the effect of their decisions when learning about 
management information systems . 

Self-study courses. are also used in which the student can com- 
plement classroom instruction with independent study. Guided by a 
computer he is directed to video tapes, films and texts to leam 
about his chosen subject. When he feels he understands the material 
he returns to the computer terminal to test his knowledge. When he 
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fully masters the subject he receives further guidance as to his 
next step. OtherwlBe, he Is asked by the computer to review those 
areas In which he has demonstrated weakness. 

Extensive use Is made of closed circuit television. Installed 
In many of IBM's European education centres, this concept makfes It' 
possible to record outstanding lectures for frequent- use In many 
countries, m addition It can be used to film Individual participants 
or group action for* Immediate replay to allow for self-evaluation. 
Finally it establishes^ a library of visual" source material for stu- . 
dents to select ao that they can study at their own pace, a'nd afr a 
time of their own choosing. 

Apart from the rather extensive educational effort expended by 
a computer manufacturer in training the company's own personnel aftd 
the personnel of its customers, most manufacturers also' participate 
in some way in the training, of students in primary and secondary 
schools and in colleges and universities. This participation is often* 
in the form of an educational grant or contribution in financial terms 
to the educational institution. This contribution may take the form / 
of an outright grant of fund? or it may involve maklng.the computing 
equipment available for general educational use at a reduced price. 

Another form of assistance to schools is that of prxjviding 
faculty on a part-time basis to the school or tin some cases putting 
the company's employee on a sabbatical leave for a year or more to 
teach at the school or university. This practice has be^n used in' 
the pa3t with reasonable f'requency and seems desirable to be continued 
based on its, success Ip the past. 

It is clear* that the computer manufacturer has always in the past 
played a vital and Important role in providing leadership to users and 
to educational institutions in the application of computers or inform- 
ation handling systems to the solution of problems and to the achieving 
of objectives. Only the computer manufacturer has the total reaourceo 
to keep pace with the rapidly changing technology and ita possible 
effect on the handling of particular problems or nilsalons. The com- 
puter manufacturer must ensure that his'' own personnel are tValne(J sq 
as to ensure continuing technological discoveries and development^. 
He must also ensure an excellence of liraining and understanding of 
customer problems and mlsslojis so as to take fullest advantage of 
technological developments ik providing better equipment to meet 
customer needs. For this latter objective the manufacturer must rely v 
heavily on the user for ln%matlon about the user's needs and perhaps 
an understanding^ of the user's current approaches to problem solving. 
Just as the user must rely on the manufacturer for information about 
technology and equipment and programming systems, the manufacturer 
must^ely upon the user for some, of his information about uses and 
possible future uses. Ai^^>e mu6t not overlook the important role of 
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the university In fundamental research In both technology and in y 
applications work .» Some very Important techniques and methods jTof 
problem solving have been worked out through the dblnt efforts of 
computer^manufacturers^, universities and other users. An example Is 
the pethod for faster computation of Fourier' *Trahsforms . 

' We can only conclude that all groups - universities, other users, 

"^public authorities and computer manufacturers - have an important 

role 'to play iiji computer training. Through working together alj-^oups 
, can benefit* materially . But by virtue of the resources av^iilable and 
treniendous store >of experj^ence in both technology and.^plicatiQns 
the computer .^manufacturer i&^n an excellent posit^n tp 

-continuing leadership in the whole complex' field. ^ 
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INTRODUCTIO^ 

Much has beeh written about education and /training for various 
ictlohs and poeltlon^ related to the computer. Conferences have 
been held; se6, for ekample, Scheepmaker and Zlnn (1972). <l) The 
number of people I'^ivolved In the use of comoUtors has steadily > 
Increased and therefore training, both formal and on-the-job, has 
been taking pl^e . It would be preaumptuou^ to attempt 4 in this paper 
tq atjmm^rlze the Uterfetur^ that exists, yto try to. provide quantlta- 
tlv^estlmates for the number of peraonnj^l In all th? categories 
will be required, or t,o propose detailed training programs, 
more reasonable aspiration la to ^outline some of the ^onalderatlons 
hat aupportythe Intuitively obvious view that a variety bf training 
programs is n^ceaaary^and that their (Content will change, and to 
provlde,..,^^^^ references to more detailed aources f or ^a dlflcusaion of 
the fac^a which should be taken into account when specific educa- 
tion^ programs are formulated". 

^/ This paper focuses on university programs for education of 
entry j^level positiohs into management and Information systems as the 
mosr important area needing attention. The yeXisftence o^effectlve 
academic programs would help to aet minimum aspiration levels, fr^ 
continuing education and -on-the-job t^mlnlng programs. In su<^h 
programs, it is^ particularly imporl/antVo dls^lnguf^ 'between edu- 
cation for Computer/Science or In/ormatiW ^nd edu6^tion **for organ- 
izational uses of/coroputers . / n 



1), ^ See Reference^ at the^erxd>'6f this Chapter. 
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USE OP COMPUTERS IN' ORGANIZATIONS 



Even within the lijnit^d objective eatabllahed In the prevloua 
section, it'ia still Aiceaaa^ to apecify more preciaely the acope - 
of computed use for which training is being considered. Thia aection 

..ia devoted to defining the relevant area aa that of^the uae of com- 
putera to serve organisations . . 

The computers- or, nMtre broadly, ©iyctronic digital stored 
program machines, and their associated fl/quipment for record! 
display, storage, and crfmmvinicatiqia^of Aata - iu axtreiaely/veft^atile 
and can be used for aiiumber of ^ite^^iff erent ^xxrpoM^ ^'p^ro-- 

,priatt tx'aining fpr tWe var^Cffis usea^obviously cont4^n^ ^9p^ common 
elements, but much/of i^^^should be/related to o^nase. T^d 

particular areaydi c^^em in tMf« paper is the^^ise /f^^e^ei^u 
for "organiza^Oi^" purpose»ya .e • ,^ for cM^ylng qjj^^^i^afa process- 
ing and irrformation procesal^ operationa^hat a^^fecessary for the 
effective functioning ot^tlw/^k^^^ aij^j?=';t^ft: previously had 

"^Xjt be performed manj^a^^w^ not at 
/ There is no^f^itii^t^/ly aqdeptea h)inle 1C^^ ude of cdmpUttrs. 
The ACM Curriculum/Comittetf on Goi^uter Education for Managemeiit 
used the term ">t6tai^ strat/v^ Systems" and gajji^ th0 

^llowing dM^p*^ion (T^l^^oeV, 19tl): 

^^^'''''^i^Admiy^Strativft^^^^^^ Systems (AIS)' includes the functions 

comfit&^ly teripi^wi^usinMs data procesijjbng or commercial data 
processin^l^i^ well a« the more^^aJcotic iqanagement information 
systeme. All of theae terms h£^e beeni. ^subject to a variety of 
interpretations 1ft different contexts, and contain words which 
serve^So perpjrtuate misunderstantungs . The term data processing 
has to manyMifie connotation of routine support /fiinctions , such 
'*as payroll preparatl^ and trapsaction accounting that are 
necessary for the c^ptration of organizatiomJ /but prosaic in 
character. By ccmxrMt , the t6rm managemen^-^ in format ioji systems 
con.iures up a msioii of vice-pr^didents^athering information 
and transmitibfog decisions through imtlvidual, remote consoles, 
a vision wjyixh ha?^ caused the term/^6 assume some dtar^pute 
* among thoa? concerned with the xbrld as it is. Administrative 
' Information Sys'l^ms are not Restricted to buaniess or* commercial 
organizaxions ijf the seivs6 of profit seeking^ enterprises, sil^e 
similar functions are required in the operiition of organizations 
such as /hosp^Jtals , s<;hools , libriariea, research laboratories, 
and govifirtiment agencies," " . ^ • \ 

It ds unlikely that any one rfame will be universally Recognised 
in the near future. Therefore, it is\iot too important whether thl^ 
term used is Administrative Informatiori Systems, Management rnform- 
atljon Systems, or Management Informaticii; whjat is i^nportant is that 
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this use be distinguished from Engineering and Science uses, ^fre-- 
quently called Cortiputer Science or 'Informatics, and Problem Solving 
use, usually called Artificial Intelligence^ . 

Education for organizational use must focus on organizational 
j5urposes^ The conventional wiftdogj is that while computers have been 
effective in routine data processing, they have not to any , signifi- 
cant extent been used by. th* managers or affected the way a manager 
operates. While this is^ true, it is also true that computers have 
had a considerable impact on the "management" of organizations. The 
distinction between managers, as individuals and the management pro 
cess is an important one to make in plannfng educational programs. 
The following example from the position paper mentioned earlier 
(Teichroew, 1971) outlines the gradual expansion of information 
processing performed by computer based systems, 

"The procedures used in early business- data processing system^ 
were very simpl* . Computerized systems duplicated existing / ' 
^ manual and punch card sVstems and made little^jtwi^ of the/^owejr 
of computers. In recent years, these procedures/have \>^ome 
much more complete, along with the parallel development of, mori 
0 complex information processing technology, 

" As an illustration of the evolution of ^information piyjces'sihg 
systems, consider inventory control. Most early computerized 
inventory control systems required onq file with one record 
for each part containing data oftt quantity-on-hand , unit price, 
etc. Daily transactions consisted of orders^ Requiring iten^s 
to be removed from inventory and receipts ^resulting \n items 
being added to inventory • 

"A second level of sophistication was reached when automatic 
reorder levels were added. Cost ahd' usage data were added to 
" the file and a procedure developed to determine when a reorder 
was neceosaryv The system produced an additional output ~ 
instructions ^o the' purchasing deportment to acquire additional 

, itoiuo • / k 

"A third level of sophistication resulted from' a'iiding automatic 
vendor selection, intended to reduce delays in manual production 
of purchase orders. This required that the inventory file show 
• which vehdors could sifpply each part. Since many parts could 
\ bo purchased fronp several vendors and most vendors sup^jlied 

/ \ several parts, a second file was- added to the system containing 

\ constant information for each vendor. An efficient technique * ' 

\ had to be developed for referencing and retrieving a particular ' 
\ vendor's record. 
\ "A fourth level of sophistication arose with req^iirements such 
\ as minimization of transportation costs. Since transportation 
\costs frequently defend on shipping in carload lots, a model 
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must be ad<|ed to the^^ystem which determines what other'^arts - 
cduld also be ordered ^t this time to fill the carloald lot* 
The vendor-file reference must now Indicate what pArts each '* 
• ,. vendor can supply, 

j;/ "Further sophistication Is introduced by the reqUlrelidents for , 
Immediate. status reoorts. This requires "on-line systems^*" 
whose design requires more complicated file structures and/ 
advanced queuelng-theory models to predict performance measure? 
^ such as av^Ptt^e waiting tltne^ , / * A • 

•t^^ho above progression has. reijuired^ Inpreialngly more compll-/^ 
catcd Information p^'Octfsslng t^rchnlquea. It has also requljr^d 
the usa of Incr^aaiftgly more^ complicated modeling techniques, 
Jpotn to Implement the desired functlony^nd to Resign the In- 
formation processing system Itself, Imis simple example cannot 
adequatply oorfVey but can onjy suggest the enojnnous Increase 
in complexity which may .accompanj^n evolutionary . development 
of the tyue deact^ibed*" 

As the Use of/computer-based systems Increases , mor^^c^nd more 
of the declslonjr formerly made ma^ally/ by Individual managers In 
functional ar^aa become formali^^d and Incorporat'ed Irlto computer 
programs, ars Illustrated for me In^^entory control application \^ 
in the example given above*,/ / . * \ 

The Implications of t^iof progress^dn for educational programs 
lire : ' ^ ■' / ' -o * " 

a) An Increasing proportion of "npfanagement" time will be usec^i 
t.o 'develoii* ruj.es which can be Implemented by "computers 
rather than managers computing specific values themselves . 

b) Formalized rules require use of quantitative modeling. The - 
'manager will need to become more of an Engineer and less df 
an architect, • '* 

c) Changey^l continue over the foreseeable fufUre and, conse- , 
^uan^ ^^M>ach^anage r will continue to need training to 
acquaint him with new material. Consequently, the content 

of cmirses for each level of training will change a^e;* tlm^. 

*ROtE OF SYSTEMS DEPART] 

'Thji Importance of copib)Ster u'oe ha 
past two, decades, and their^ is every 
The primary driving fopcy is the ^t^chno 
changes the data proceaaing'' c^abll4;t?l( 
is even more lmpol*ta;?lV; ch^rlges the 
processing methods Z^he^^pidy/increa 
ment of new^ capabi^l>dfes is/jfjiso. wa 
accepto^lM:hat ^^kaeveloj^prent^H^l 
Withifigton, i9f2, ) 
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The growth In the scope and cbmplexlty of computer-based sys^ 
teniB has led to several changes in the way organizations deal with 
information systems. (An excelleiftj survey of this evolution is giv*il 
by penjamin, 1972.) One result of increasing use of computers in 
organizations has b>?<?n the establishment of "Systems Departments" 
with, responsibility for^the design , development , operation and 
maintenance of computeir-based information systems! To some, these 
departments may seem evolutions of the Systems and Procedures gr 
Office and Methods Departments, but "^hese new departments have so 
mucfh mpre stature and importance that they can be considerejd a new 
development. The manager is frequently equal in stature to nfanagers 
of the traditional over functional areas - production, marketing. 

The advent of 'the ^Systems Department has made a fundamental 
change in the way in which mahagement controls its activities. One 
way to show this is in the follow^g .diagram , adapted. from Manley 
(1972). ' / 
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These Systems Departments have an impact or> training require- 
ments because they are of sufficient s'ize to require management 
personnel of their own.(l) Furthermore, a substantial amount of the 
work is in system development which requires project management 
skills rather than the traditional i'unctional area akills. 

JThere are also training requirements for the analysts and pro- 
grammers employed in these departments, tn the past, analysts and 
programmers have frequently not been considered ipanagement . However , 
this question has recently been examined by the United States 
Department o3r Labor in relation to whether computer personne^/^are 
exempt from the provfsions of the Fair Labor Standards Act. Exemption 
is granted to "... any employee employed in a bona fide, executive, 
4 ; 

l) For.-a discussion of the Organization of Systems Departments see 
Withington, op^.cit . . 1972.. 
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administrative I or professional capacity .1" Perhaps the most/ 
relevant conclusion Is 1*e following (Fede/al Register, p. 22978) J 
»»In the data proQ^sslng field some f/rms employ persons des- 
cribed as systems analysts and completer programmers. If '^uch 
employees are concerned with the fanning, scheduling, and 
co-ordination of activities whlc}/ are required to develop 
systems for processing data to /bbtaln solutions to complex 
business, scientific, or engi^erlng problems of his enfcloyer 
" or his employer's customer?','^ he Is clearly doling work directly 

related to management po;i^cles or general bus^^ness opereitlons 
j The growing need for njMagement In the new "functional" area 
wits also recognized : 

/ "In the data processing field an employee who directs the day- 
to-day activities ot a single group of programmers and who 
I » performs the more c^oaplex or responsible jobs In programming 
will be considered „to have ^management as his primary duty." 
Organizations differ In the responsibilities assignee! to the 
Systems Department and. those assigned to user departments. One area 
of dll^^ference Is the determination of requirements or specifications 
for proposed systfems. In some organizations this Is the' responsibility 
of the user departments. In others It Is Initiated and carried out K 
by the Systems Department. Consequently, In many organizations there 
Is considerable mobility among analysts and management trainees In 
user debartmertts . This can be expected to continue and Indicates 
that educational programs, should iJrovlde the Jiecessary flexibility. 

TRAINING PROGRAMS REQUIRED 

On the basis of the above analysis, the" training programs 
required Include programs for line and staff managers In the 
-functional areas and In general management, for managerp In the new 
functional area represented by the Systems Department and for analysts 
and programmers engaged In this area. Analyst^ and others concerned 
with the design, construction. Installation, and operation of systems 
for organizational purposes are Included because they are doing work 
that would formerly have . been the duty of mane.^ement and because 
there will be considerable^ mobility between management positions In 
the functional areas and positions In the systems department. Many 
Individuals starting out as analysts may become line managers and, 
similarly, many Individuals who have some time In the line management 
positions may Ucome managers In the systems department. 

One basic question Is the point at which educational programs 
can j^art; in particular, is university education necessary? The 
opinion o^'the U.S. Department of Labor regarding university educa- 
tloijrreq\Xire)Dpents^( Federal Register, 22979) are: 
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"The queation ariaea^yfhether c^Toputer programmira and ayatema 
anaXyata in the data procesa^iig field are included in the 
learned profea^lona. At th^preaent time there ia too great a 
variation in atandardi^lid academic' i^equirementa to conclude 
that employeea employed An auch otcupationa are a part of a 
^ true profeasion rec|rgni2ed aa auch by the academic community 
^ ■ with univeraally iJccepted atandards for eliployment in the • 
field." - , h . 

The learned prof eaaiOfta, are defin^: * *, • . 

"Generally apeaking the prof eaaioha' which meet the requirement 
. for a prolonged courae of- apeciilized intellectual' inatruction 
and atudy include law, medicine, nurai'ng. accountancy.' actuarial 
^ computation, engineering, architecture, teaching, various typea 
. of phyalcal, chemical and biological aciencea. including phar- 
macy and fegiatered or certified medical technology, and-ao 
forth. The .typical aymbol of the profeaaional training and th» ' 

prima facie -evidence of ita poAaeaalon la. of course, the 
Appropriaj^ academic degree, and in .these prof easiona^an advanced 
• academic degree la a atandard (If pot univeraal) prerequiaite." 

K university degree may not have been neceaaary for a poaition 
in information systems in the past . bui informal surveys show that ■ ' 
a college degree id an implicit if , not explicit requirement for 
infoi^mation systems positions in medium to la^ge size companies- 
using third generation equipment. 

The following, assumptions are made in developing the recommen- 
dations for training policies ind programs: 

1. The technology of coraputero and computer equipment io still 
changing at a rapid rate, and therefore the alternatives 
that are available, both on the hardware «ide and 6n the 
organizational side, are changing sufficiently rapidly that / 
the content of courses is likTely to be changing. ' 

2. Education and training in computer-related topics for/ 
management will continue throughout the individuoLi-o career 
and formhl training will supplement the on-the-J<6 training. 

This letfda to a set of . recommendations in which dif^l-ent edu- 
cational programs and material are required for different Job 
classification and different age brackets-. Figure. 1 shows ^he com- 
binations for which some formal education should be available . The 
recommendations in the following Sections describe the contents of 
these components at the present time. As individuals advance thrbugh 
the age bracket and Job classification, the content of the components 
will change in the future. - ^ , 
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' " TRAINING AVAILABLE", TYPE, AND QUANTITY 

Management training in the United States is accomplished prim-\^ 
arily in business s'chbols through'* "undergraduate and Masters of \ 
Business Administration programs.>^he tjrpe^of computer-related 
material eove red in these courses has beei^ surveyed by McKenn^,^d 
Tonge (1971) . A usej&il source of material relating^JtCK^ courses * 
^s given by Cougar in the "Computing Newslettep-'^r Sbhools oT 
Bbsiness". 

' z'? In-house training courses are^, off ere& by inany org^izations 
Tljere is however relatively little inforihat ion ^n these progra^iia 
available in the publ^^c literature and Relatively. little statistical 
dat;as There is somewhaVmbre detailed l/hf ormation available regarding 
computer personnel , ' in^^ding ana;iysty and programmers The Bureau 
of Labor Sl^.atistics has ■ forecast the requirements in various occupa- 
tional classes. Some of the rel'evant Miata are sunibarized in Table 1. 

According tb the Bureau of Labor Statistics tlie number of new 
positions i^i Systems ^Analysis during the period 1968-1980 will be 
approximately^, 000 per year and another 23,000 will^be, needed in 
programming. This may fee compared with 20,000 physicians, 33,000 
accountants, and 73,000 engineers needed annually. An extensive 
review of sources of trained computer personnel has been conducted 
by Gilchrist and Weber (1972). Their estimate of sources of tra^ng 
is shown in the table on the next page. They alsg^^^lmiYse t^^employ 
ment of trained personnel . 

A fundamental difficulty in educational policy'is adjusting ^ 
supply of qualified personnel to meet demand . The recent experience 
in the United States poinrts to the additional problems in a field, 
where technology changes rapidly and where a considerable part of 
the training is in-house . '^A'* few years ago the shortage of- qualified ' 
applicants for data procesising position$^>/as commonly accepted. The 
Bureau of Labor Statistics related its estimate of manpower require- 
ments for the period 1968-1960 mentioned above. In the last few years 
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. ■ ' ' Table 1 . 

CROWTH- IN SELECTED' OCCUPATlONjb IN THE UNITED STATES 1968-1980 



Occupational 
Croup 


0 

• 1968 
Employment 


Perdent 
Growth 
Forecast 
1968-1980 


Net Increase 
in 

Occupation 


Average Annual 
Openings (not 

Transfers) 


All occupa- 


V • ' 








' l^onal gl'oups 


75,92C>',000^ 


|25.3 


19 ,100,000 




All profes- 










sional and 










technical 


10,325,000 


' pO.l .- 


5,175,000 


* 


Programmers 


;475,QOO. 


129 


200,000 


23,000 


Engineers 


1,100,000 


l_Uo .2 


400,000 


73,400 


Accountants 


5od7ooo' 




220,000 


33,200 


Systems 








Analyst^ ^ 


150,000 




275,000 


27,000 


Physicians 


295,000 j 


. I 53.1 . 


155,000-:^ 


20,000 



Source ; Bureau of Labor'statistics 1971 . 

table 



^URQES OF INFORMlAT^ 
REPCMITED BY RgSPGNDENTS TO 



Source 



Computer ManufactiSrers 
In-House • 

'Part of Formal Education 
UniVersity/College 
Software Consulting Co^ 
EDP School 

Correspondence Schoo-1 
High School/Vocational Schoo 
Other ^ 



PROCESSB^ TRAINING 
THE 1971 AFIPS^ERSONNEL SURVEY 



1) Percentages add up to 



Percentage (1 



s 



47.1 
44.5 
57.5 
31.4 
8.5 
\ 6.0 
4.5 
1.5 




'^ope than 100 due to multiple! responses. 



the shortage of personnel isl much less in jBvidence , and some of the 
urgency. seemsoto have gone oiit of the need for academic programs. 
Hamtiflen U975), for example,' concludes: 

'^"I'^^^^i the^ figures of siipply are compared with estimates of 
^demand we^^^see^ that therje is no ionger a' need to- encourage a 
crash effort^to start rjew degree programs at any level. 
Hoi^ever, if we examine the course offerings of the associate 
and bachelor's degree programs , in particular, as I have 
had occasion tb do in |he two NSF "Inventories , there is 
definitely a ,need^.to sjrengthfen these programs both in . 
facilities available aid course offerings." 
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The source for the estimate of demand used by Hamblen is the 
survey made by Gilchrist and Weber (1972). They summarize their 
study as follows; , ^ 

"Despite. the collection and publication of much information 
by various private and governmental agencies , it is still 
impossible to ,make an accurate estimate of the number of 
computer perisonnel as defined in this paper (or by any other 
definition for that matter). Certainly, it is in excess of 
the 800,000 indicated in the following^ table . <^ 

ESTIMATE OF TOTAL PERSONNEL EMPLOYED BY FEIMSflAL, 
STATE AND LOCAL GOVERNMENTS AND NQN-AGRICULTURAL ESTABLISHMENTS 



Occupation 


Employed(l) 


'*^>er 1000 
Covered Employees 


/Ratio to 
Systems Analyst 


Business^ Systems 

Analyst 
Business Programmer 
Computer Operator 
Keypxinch Operator 


97,000 
137,000 
173,000 
384,000 


1.4 
1.9 
2.5 
5.4 


1.0 
1.4 
1.8 
4.0 


Total of Above 


791,000 


11.2 . 


8.0 



1) Includes scientific and engineering personnel employed by 
government . 

Tfhe tSumber of computer personnel most likely exceeds one 
■million as shown in the following t^ble: 



FINAL ESTIMATE OF TOTAL U.S. EMPLOYMENT OF FOUR 
CATEGORIES OF COMPUTER PERSbNNEL FOR' 1^0- 



Occupation 


Employed 


^ Systems Analyst ^ 

Programmer ^ 
Computer Operator 
Keypunch Operator 


150 4 000 
210,000 
200,000 
440,000 


Grand Total 


1,000,000 



"Since criticisms caii be levelled against bot^ estimating 
procedures, the discrepancy is probiably not feurpMsing . 
"Our ''estimates are remarkably fclose to those made by the, BLS 
in their Occupat-ional Outlook Handbook . Their estimates are 
based on the average staffing per particular size of CPU, the^ 
ntimbers of, the various size CPUs in use, and correction factors 
for productivity changes. This approach, which is eiitirrely 
different- from ours, yielded estimates of 150,000 systems 
analysts, 175,000 programmers and 175,000 computer operators 
for 1968. 
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"Due to the lack of use of standard occupational classifica- 
tiona, aAy attempt at disaggregation ^into occupational • special- 
ties may really be more a matter of speculation than enumeration, 
"ffince the major objective of, collection and publication of 
these data is to' provide infdrmation for manpower planning 
(i.e. the matching of the num'bers of persons trained to those 
needed for a particular occupation) , the lack of detailed 
estimates is a serious problem. The result so far has been b 
period of serious manpower shortages from about i960 to 1969. 
follow^d by the present conditiorl of modeijate' ov^rsupply , 
Further, present and future prospects ^are for large oversuppliea 
inv some occupational specialties while at the same time there 
are critical shortages in others, j " 

"It is clear that total employment of computer operators, 
programmers and systems analysts is not significantly greater 
than 560,000. In our companion paper we found tridt the current 
anni^al' production of people trained for these jobs^is over 
170, Odb. "To employ these would require a new entry rate of 
about^30 per cent which is much higher^than the estimates 6f\ 
relative openings given by BLS of about 11 per cent fbr com- 
puter operations, 13 per cent for programmers,, and 18 per cent 
for systems analysts. Thus, current production trends are not 
commensurate with current employment n^eds. 



ESTIMATES OF mJMBER OF ENTRANTS INTO THE LABOR FORCE 
FROM VARIOUS FORMAL COMPUTER EDUCATIONAL PROGRAMS 

IN 1971 



Educational Program 

• ■ •'• a — '1 c 


1971 Graduates 

/ 


Entering Labor 
Force 


High 'School 

Public Vocational/ Schaol 
. Private Vocational School 
Associate / 

b.a./b.s. / 

M.A./M.S. i 

ph.D? ' ■ ■ r 




33,000 
A 5, ^00 
79,000 
7,^95 
3,350 
2,070 
335 


7,600 
27^000 
79,000 
5,000 
2,300 
1,400 
110 


To-feals 








^ 122,410 




V 



"With the exception of the Private Vocational Schools each 
program is producing a steadily increw±n^umber of grad- 
uates and entrants to the labor force. There is, unfortunately, 
insufficient data to break down the 1971 entrants to the labor 
force into job skills. However, one can roughly say that the 
first three categories in the above table will primarily enter 
date-entry, electrical accounting machine and fcomputer oper- 
ations while the last thr^e categories will primarily enter 
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programming and system analysis. The holders of Associate 
degrees will divide - the top students going Into programming 
•* and the others Into machine operations." 

From the above analysis and that ifgiven by Gilchrist and Weber 
(1972) and HambXen (1972) ^t Is evldeiit that the requirement for 
qualified analysts and progranmiers Is/ far from being satisfied by 
graduates of available academic progrjams (as opposed to graduates 
of informal on-the-job training), ana while it is perhaps not neces- 
sary to start man^r^ totally new graduate programs, we fully agree 
with Hamblen that many of the existing ones warrant improvement, 
particularly in course offerings. The analysis supports the conclus- 
ion thtit different educatlon^will b* required for different classi- 
fication. I« particular, many more graduates with 3. S. degrees will 
be needed than graduates with M.S.^kegrees because of the relatively 
smaller proportion of the' most hlgHly>4kllled analysts needed. In 
the past the sources of training fir* many indlvldu«ils "In-house" 
or the manufacturer. With increasing 'complexity of information 
technology and higher aspirations /for systerais e:6pected by the user, 
such training, will not be sufficient for at least a substantial 
portion of analysts, and con^quently the most Important educational 
programs (in terms of pace and tifee^ will be those offered by. the 
universities. These are discuss^frtrT^e /next section. 



RECOMMENDATIONS FOR UNIVERSITY EDUCATION 



While today a university degree is not an absolute requirement 
for entry into management positions, in the future the num)?er of 
entrants wlthou^ a degree will steadily^, decrease . Computer related 
educational programs should be^ divided into three major categories: 
programs for students Interestaii in management positions in the 

students planning entry into systems 
ers, project managers, operations 
put^r specialists (systems^ program- 



functional areas; pro 
department s ( analyst s 
managers); and programs for con 
mers) , 




■ 



a) Prograjns for Stu<|»nta Interested in the Management Profession 



Most of the students will 



enter Business Administration pro- 



grams, though many enter nanagement from liberal arts'^r 
engineering programs. To ensure that these students receive 
sufficient knowledge of the computer, these programs s|iould 
contain one or two courses specifically dealing with the use 
of computers in organizations. In addition, courses in other 
subjects should ' Include .1 he use of computer-based systems in 
these are6s . , 
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Progrg^ma ^or Studertt s Planning an Entry into Information 
Systems Poaltlona 

As stated earlier, the number of posltlort^x«fn Information 
system development is Increasing , an5l--tfi§se should be 
regarded a\^ managemeht posltjjonrs^^ neeV for educational 
programs In this areaJwrTbeen studied by the ACM Curriculum 
Cpmmlttee on Copiptffer Education for Management and the 
^ reaultsji^ve^een published in a position paper (Telchroew, 
197U<recommenSatlons for a graduate program (Aahenhurst, ' 
1972) f and recommendatlo^is for an undergraduate program 
(Couger, 1973). These recommendations are based on the 
recognition that Information^ system development la In effect 
* "organization engineering" , and therefore the student should 

be equally knowledgeable about organizations and how they 
-work as about computera and how they work. He ahould alao 
develop some engineering skills j modelling and design. 
Students completing theae programs would be prepared for 
entry level position^ in Information /Systems departments. 
Depending on their own interests and opportunities available 
they could pufsue careers leading to management -positions 
in other parts of the organization, management positions in 
the Information Systems Department, or as information systems 
professionals. - 

c) Programs for Computer Speciallsta 

The number of positions available for computer specialists 
will be much fewer than those for the two categories men- 
tioned above. A degree, preferably a graduate degree In. - 
Computer Science or Computer Engineering, will be a -necessity 
While moat of thp educational program will be devoted to ^ 
. technical subjects, it would be desijrable to theae atudenta 
to have at least an Introductiorr-to the role of ^computer- 
based information systems la organizations. 



TRAINEE PROGRAMS 

'Many organizations have management traineeship programs in 
which recent university graduates spend from a few months to perhaps 
a yepr«and-a-.half in several pofeltlona* These programs can be ex- 
tremely useful in providing future manage^rs with a knowledge about 
the management considerations involved in computer-based systems, 
particularly if the university program has been in an area other 
than Bi^sirtess. » 
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All management trainees should spend perhaip^as much as one- 
third of their time In-^e Systems Department* feurlng this time they 
should be Introduced to tfi^^^'^^stem development procedures used In 
ihe^opganizatlon and become aware^;*f-*4^iep managing large- 

scale development projects. They should al^tMiecome aware of >^he 
difficulties of establishing user requirements ana''*^tte^,.^lmp^ortanc 
of user participation Itt the eventual effectiveness of the 
Taking part In an audit of a system recently completed or one which 
Is not effective ^.s frequently an excellent method for realization 
of the ..complex Interrfelatlonshlp of many -factors In effective system, 
-development. S^larly, trainee^ headed for entry positions In thp 
/systems Department can be made aware of tl^e user's side by partlcl- 
patlrjg-ln the development of specifications for a new proposed**" 



JUNIOR WINAGEMENT PROGRAMS 




After ^A^w employee has completed his tralneeship program and 
worked for .a number of years, his career goals will become more 
: ^pecl/ic and In line with the general assumption that formal educa- 
tion must pontlnue throughotit the career^ parallel wlth^orf-thfe-job^ 
training, and some^formal training is desirable. In jjost c^es, 
organizations wl^A not wish to develop their own-eourses but 
"instead use ou^J'^ide facilYties. /i^^^ ' 

For the /exceptional individual graduate program a;r an estab- 
lished tmiyerslty will be/ worttjwflile . For others a part-time eventing 
degree program should be / encouraged . Such programs arejl^l^sirable ^^r 
their general ^educeition L 'well as the .^clflc skills andj^^owledg^ 
they impact, i'of* most the dmplgytifes in this category^.howev^p^ 
fortial education will consist of "short»» courses and ^emjUi^rs^ 
speoiflc topics. For managers in .the functional^ <rea3 , the^^st^ ^ 
llnportant courw^ are those dealing with adv«rn<;ed ap^lir^atlpn-s In^^ 
^ their own>r^Sfe\ Thes^ courses are offeped by ynl^Grsltiea aa-^two- 

sometimes HheiT^e org^niz ed>y the profe^y^^ 
' r'slonal societies. Se^ for example, ArmB^:t^!%J^ Hammond/" 

J , "ForhlnformatioA system specialist whb^are b^ln^ promoted to V' 
management positiohs in the Syst^Srgp^aftment , tfie mosT important 
training 'is in management tacjird^a^ particularly project manage- 
ment techniques. /Courses^^^rti^ toplds are offered b)r^ the Business 
Schools, profes/ional a^a^iatlons and sometltnes commerolal/t?:3lnlng 
InstituteTs. 




MIDDLE AND SENIOR MANAOEMEIJ^ItooGRAMS / ' 

' " ■ ■ ■ t*- . 

■■ ■ ■ ' '/ 

^ By the time an Individual has reached *he middle manageij^nt 
level he has demonstrated 'a^iuity to manage In a given ' a/ea ,iur,d to" 
.keep abreast of developments that affect that are^/He/s t|en asplr- 
■Ing to positions that Involve more of the organlzatW than one areaT 
This Is exactly where computer ba^d systems are cr<fatlng opportun*>. 
ties and stresses (perhaps unreco^lzed) . A, 

Since middle managers are BusAand have many /espotialbllj-tles, 
training programs must be designed' fX^st of all i/ smiril units - one- 
half day or perhaps a day/ The basli fepiphasls mu4>^e orioonvlnclB/ 
the manager th6t FlTOplc^r sub.lect Iff^^tS^^^:^ enotigh tp^ook 'i^o, 
rather than supplying deiaileA..lnf.Qn»atl|f on/i,/ich a d^Islon can 
be based. All too.ofien middle manageffl«fl4 •■ap)irses ov^mphaslie the 
presentation of techlilc^l facts of Igi^r^le^el aidfll^ (e.g. computer 
programming) in whlc()i th\ managers ^how W«M^^.teat which does not 
change their behay^ir^eh,,,^h.^ returnj^^^-^ dally environment. 
The consl<i«r*t/ions Buto-ea-a-H^fc^or middle management apply 
3r# sharnlv ^or training' cy^^Sor senior executives. Tlje " 

ouri^ musfT)e even more on Wie , " 
desired change in /the"beh|^:^af*^ managers compl»|,ing the course.^ 
A study of>fiow ef^ectly«:^ey ^^>^as recently been/completed by \ 
Ruth (1^). On&k^z& ot Aj^U^^ about pr«grZr^ 'foi^ orle^kiig 
the mj»fiager to^,^ cpmpijiie^ls /|lven by Harold (1/71) 
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•INTRODUCTION 



The\academlc discipline of computing has become increasingly 
accepted knd respectable at Uhlted States Institutions of -Ijlgher 
education during' the past few years * There are more ahd more depart^ 
ments of computing sclencQ (ki)own In various gulsear ss data proces- 
sing, Information science, information processing, or my pr^eferenc^ 
of computing and Information system^ which Is hardly us«l)--«arwSll 
as computing ootlons embddiljid within more established departments 
of mathematics >pr ele^trlofal engineering* Indeed,, thls r^pid prolif- 
eration of educational ^)rogrkm!j has given rise, to a number of concerns 
about these programs^ Have we gone too far too fast? This paper 
addresses some ofVthese coritems, baaed principally on faiy experiences , 
with United StatesXedi/cational programs. My travels In other countries 
Indicate that slTnnllW problems' exist elsewhere, except, that In most 
cases educational aortlvlties In computing lag tnooe In the United 
States • ^he period /of lag usually reflects the^ developing status of 
the country f or tWe» Inability to commit resources required In ©stab- ^ 
llshlng an educalflonal program in computing, or restrictions Imposed / 
by academic stractures and 'attitudes . At Western European unly^er^ltle^ , 
a^cademlc programs iri computing date back about sl:^ y^rsd)*^; Israe/l 
oommitlng acaAemlc ^programs are approximately four i^ears old(2)r 
South American countries about three ye^rs(3), programs^ In 

African countries date back only one year or so. 
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In 'the United States, history is almost equal Jv/brief, going 
baclj^' about twelve years. The rapid growt^ of univei4ity computing ' 
^jjenters during the I960 to 1965 oeriod resultedyln an increasing 
awarehess of the need for associated j^ducaiirional programs The^ first 
serious/gtudies occurred at the Universitj^ of Michigan and Houston 
(5), y>) ^ {7) • The heavy emphasis 'on jn^ithenratics and engine^ipg in 
these progra;ns continues to this day. With this start' the -jlro^<tfer- ^ 
ation of academic programs ai^sf^ed epidemic and uncontrolled g'fovrtJi 
during the 1965 to 1970 period. Programs abounded at privat'e v^tatlon 
schools {certj.ficates of dubious value), two-year colleges (Associate 
degree),- four-^ear colleges (Bachelor deg^ip^) and at' uniyersi;ties . 
(Masters ^nd Doctorate degrees). More recently there have even be-en 
proposals to have two-year colleges offer four-year programs in com- . 
•puting (Qy» Some of these growth patterns are reported by Keenati (9) 
and Hamblen (10) and (IX).. 

This galloping growth stinailated attention by government agen^'*" 
cies (12), (13.). Stt^dieii by professional organiiattorLQ and univer- 
sities also provide* general and specific information' /Jl^) and (15)/ 
.for the engineering and mathematics thinking, {l6)/and (17) for 
university conferences/. On a continuing basis, ^blications of 'phe 
Association for Computing Machinery (ACM) espe^^ally the Communica- 
tiono (18) and the Bulletin of the ACM Special/ In tersfit-^jCF^P on 
Computer Science Education Cl9) provide informative material (see 
, eajJecially the SIGCSE Technical Symposia Bulletin Issues M 1970, 
1972 and 1973). ' . 

The rcioort of the ACM Curriculum Committee on Cpi&puter Science,. 
Curriculum 68, has had the most profound effect ^20) .It gave the 
competing discipline a scholarly respectability, an intellectual 
ba^jEJ and a comprehensive content. Curriculum 68 ^crea^^d the mold ' 
aT\d moot United States universities attempted to fit* that toold when 
establishing academic programs ip computing. But many have found 
the Curriculum 68 mcfld too confining; the products of Curriculum 68 
type propjrQmo are more theoretician than practitioner, more mathe- 
matician than engineer. .'^ , ^ 

In' the remainder of this pap^sr I offer some impressions on 
educational programs in general .hnd computing education in particular. 



•Many of these comments contrast with the Curriculum 68 apprcfach 



/ SUPPLIERS ^ COMPUTING. EDUCATION 

/ ^ V' , 

^ People enter the computing field jj^Jirough many ports: 
/other fields ouch as engineering' and mathomettics , some 

educatlxJnal bacKgx^ounds (high school )%*&fter 

by manufacturorfl or private vofcational^ 
'fttjmbe,r^ from the academic computing 




higher educatirori. Seegmuller (21) "refers to this. phenomenon as the' 
migrati^h or diffusion of /Employees of 'completely different and 
unrelaie^ prpfessions - "bakers, truck drivers , butchers , secretar- 
ie^y fl^le^^rls, etcl* - Into the computing environment. Gilchrist 
(22) indict es (from admittedly sketchy data) that the lar^rest per- 
jcjentage/yof computing, practitioners in the Unitecf States are products 
^of mimfQchurer courses and vocational schools (excluding' thos/s who 
gr^jEtq^te from university proglrams in other iiseiplines) . 

If we accept the fact that computing is truly an academic dis- 
bline then we must accept the 'consequepce triat the professional 
^Practitioner requires a Hour-year college education'. Most people 
'liave by r^ow accepted the "Intellectual respectability" of Qomputing 
and the benefits 6f college exposure. For example, the National , 
Academy of Science report (12) notes that over 30% of those entering 
the computing field for the foreseeable fulyare (as of 1966) will 
require dollege degrees. An American Federation of Information 
Processing Societies sui^ey (23) found that almpst 7G5o of the res- 
pondents possessed a college(<l|pgree . / . 

With this premise we must view aa/,flus^ect the graduates oH «/ 
private vocational schools or mahufacJturer-spor^sQred courses who 
"without ever having had a sgund education" (2Xi enter the computing 
field as operators and in time "progress to programmers, analysts j 
ah4^ consultants. Seefemuller ,(21) refers to theiSe neople as ;»under- 
gi;4und oxpe/r^" and '5tate$ that manufacturer-offered educa^tlon "has 
to b^ viewed Just as a di.0ijrace to culture".' Mercouroff (2A) notes 
the explanation of the appeal to be a computer expert by certain 
jpxlvtite enterprises, "some specializing in the sale of computer 
coursefe, while others dealt in pioe dreams". 

/ There are technicians in the computing field (progresaing from 
keypunch to computer operators) who require a high school, vocational' 
6r two-year college education . However , we muBt'not confuse those 
with computing professionsls Who require a "sound education". lA 
the following sections wo attempt to define the j'soundneos" of^^t^ch- 
nology oriented education in general^ and computing education in 
partidcfular • , ■ ' 

\Befdre doing' so ye should consider the implications of unsound 
educaticyi^ whether at' the technician or nrofessional leVel . In com- 
pjitljig education we, have adopted few control mechanisms to assure 
quality either in the vocational schools or in their graduates. We 
allow all tq enter.^he computing field t»/ith little safeguard against 
substandard quality. Tho situation of two-year colleges is not quite 
analogous since there- usually exist some quality cjontrol mechanisms 
at these institutions; yot we ascume that graduates of these programs 
are eligible for professional pooltions . Increasingly we hear calls 
for certification of Institutlono and licensing of their graduates;. 
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(Recently the ACM and^ th^ DPMA Irtttlated efforts which toa^r lead to 
personnel certification Comp/tlng ^s become one of/^e biggest 
industries \n the United Stated with^ over two per cenv of the Gross' 
National Product expended ^ok/compiitlng ''hardware, s<^f esso-^ 
elated ser^ces (25). Ye'it^Wy'^ Informal meth^s no lortger su^lce 
in today's society. We must ur^dertake whatev/BT steps are nece«ary 
to assure that our prapxitloners are qual>^ed and competen 
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Until vy^QTityi it w^ accepted that the technology oriented 
student receive^ an urwie^rgpaduat«| education concentrated in his 
particular/ f^d. Tlius thie^eftglneerlng student was exposed to an 
almost end^SBy^rQf^r&m of engineering and related Science (mcfthema-- 
tics, phjfaiJ^JST^chemi courses, constituting perhaps- 80 to 9096 

of hi/ cpurses. At the present, time tWio is still the" general prac- 
tice^iri the United States. It is true /even more so in other countries 
the faculty^ chair and specialijjed institute structures wher^e ' 
budents normally take all the courses in their faculty . 

In the past few years tlvia- pr'actice 'has beey questioned and,^ 
at least in soirie instances, f^nd wanting* The most visible example 
of such self-examination has/befen ni the Massachusetts Institute of 
Technology-, the epitpme of yeannolog4cal edu'catiop in the United 
States. Several years ago/'MIj established a Qommiosion on Under- '* 
gradi/ate Education to ^?nidy/the acadftmic^^program . Preliminary con- 
clusions (26> identj^od tViree basic aopecto of underffi-aduate edu^ 
cation: ' /, 

a) Integro^iMi of Knowledge: This concept usually means inter-' 
dlj^^plinary curricula or general education. More sYecific?- 

^,^Iy, the mod/ril problems of civilization will require that 
studQrtt^ develop the ability to synthesize as wtfll as to 
anoiyee. . * 

b) ^lation iff Facto and Valuer : Wo defifte' and produce engi^~ 
oer^Q and scientists without including int^llG<:tual tools 

/ f^om tfie humanities in their required men|:al kit / This is 
Varticularly significant today because th/ most difficult 
' / problems y^e face are those which relato/facta ^n4 values. 
^ Edi46ation for Citizonship in a Democracy: To some people 

these days this sounds a bi| ."squai^e" . But it has nc^ver been 
/ jJiore important for students to understand the r^kttvre of a 

democracy and their roles/ as in^viduals in it 1 
^omo time later the 'paron-l^^ommi^lon on MIT Education issui^^ 
an^^nitial formal Hjrport, Cr^tive Renewal in a Time Crisis (^7). 
Tfhe recommendations in this/report broaden and modify/the abbve 
/fconcepts:^ 
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a) sWneral Objectives: We begin from the. premise that MIT ^ 
^sl^ould maintain its historic commitin^tit to excellenoe^^in 

le maiHr fields of science and technology • This conunitment , ^ « 
Wowever, must be joined to a recognition of the pressing |^ . 

leed to . unite the pursuit of knowledge' with a concern v^or 
Social responsibility in the use of that^ knowledge . MIT 
graduates must be prepared ^ot jDnly with the skills they 
(will need to excel as scientists, "engineers and administra- • 
(tors, but also with the breadth of understanding; they must 
' have if they are also tA become responsible professionals . 
"^b)/ Undergraduate Education: Throughout American higher educa- 
tion, the undergraduate years have increasingly come to be 
devoted to preparation far graduate training- At MIT, where 
professional education has always been a central concern of . . 
the undergraduate program, we have been moving in the o-opo- 
site direction to provide a broader foundation'^ for profes-b 
sional education'. This movement ^should , be intensified by 
establishing a new First Division, the responsibility of 
the institute faculty as a whole, as an institutional focus 
for general education during the first two years. The over- 
all aim woiild be to encourage'' students to develop a, broader 
-outlook as well as individual capacity /or creative synthe- 
* sis and self-education, n 

c) Graduate Education: Graduate education should be re-examined : 

to cultivate a deeper understanding of the social consequences ^ 
of science and 'technology , to improve opportunities for ^ 
graduate students to acquire training *in teaching,, to develop 
broader (three year) interdisciplinary programs leading to ^. 
the Masterfe degree, and to develop pre-doctoral intermediate „ 
degre^ that do not require an original contribution to know- . a 
ledge but recognize a dimension qf^ excellence in another . ' ^ 
area, ^ * 

d) Knowledge and Values: MIT should take seriously the intel- 
lectual' problem of defjining the relation of knowledge to 

• values, of improving performance as an environment for humane ^ 
learning and of stressing a commitpient to public service, ^ 
The sepat'ation of^cientific activity from broader cultural . 
pursuits and intellectual concerns has all but destroyed the 
capacity of a9ademics to think of themselves as members of = 
one common profession; problems that arise at. the winter face 
of the disciplines tend to be neglected or are too difficult . 
to approach. The current atmosphere does not adequately 
encourage humane learning; too many faculty members and 
students continue to think of the humanities as unimportant, 
irrelevant and methodologically soft; Immense value is 
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inical .prpblem ^^Iving, on productivity, 
'"^1??' organization - to the detriment of more. 

casOal and spontaneous moc^es of intellectual 
losing the great virtues inherent in these 

do morexto mak'e room and time for reflective-. 
t to haye" atiy impact on the so.cial and 
.ems which result from, the fragmentation of 
ought to begin grappling with those problems 

Ehese^'^reiis^ommendations conflict with the conven-* 
not be f^^asible to implement all recommenda- 
Ions in- all countries. In ^f act, it may not be 
eyeloplng countries for example have certain 
problems. Yet I believe that the philosophy 
ommendations should receive serious consider- 
to the degree possible. I am concerned that 
for quantity we forsake qua^ir^y, ^e fofget* 
ion is to educate the whole man. This 
concepts of compiling education, expressed in 
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expect 
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on computing educatior 
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Curriculum 68 has had the most profound effect 
man'V institutions view it as the yardstick 
e adequaay^ of ^heir programs. And in the main 
al, by setting ce^rtain standards and defining 
hand, Currlfculum 68* is 'in the tradition of 



professionany^ d^iented pi^ograms. It' recommends t>iat ten computing 
"courses and six matheifiarfics courses beWquired, with 'an additional 
three computing courses and an unspecif ied>iumber of mathematics 
courses as electives. ;?he products of such a curriculum ^rT^ertainly 
well^ versed in computing and mathematics, but are they really the 
products we should produce? The MIT reference above would, on* .tl;e 
basig of the philosoph>- expressed, indicate not; moreover an in->-x „ 
ereasingly larger number of computi^gprof essionals are questioning 
this approach. 



Oettinger (16) fir 



ourselves as computer scientists, we are dang^ 



st notes 



. .that 



ourselves, our students^ 



^nd the world at large . At 



, 'the title should be Computer Scientist and Engineer." 
notes: "In our rush to tie accepted as scientists and engiWrs and 
to mold students in ,our ima^e , I hope we are not going to maftisthe 
mistake of prescribing narrow cui^ricula^ restricted entirely to, t^^- j 
^ nical, sub.jects we cannot afford to produce students who are 
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ignorant of fundamentals, Whether of physics, mathematics or funda- 
mental branches of engineering. Our students should be well versed 
in economics, well versed in the social sciences*" He is appalled 
by the spectre of the army of technicians that we might otl^erWise 
create. 

Mercouroff (24) notes that computer specialist training is 
bound "to become steadily broader. Rapid technological change increas- 
ingly calls for general education. Further, tH& many new uses 
information processing require t^raining in some additi(!^aJ>^f4eld 
Accordin/ly, the number of pure comouter spe^i^alj-sts will decreas 

Seegmuller fsi) sees his ideal graduates as tfiose who possess 
knowledge of one or more problem .areas besides computing; who see^»-,«. 
implications, interdependencies , con^Xaints , far reaching conse- 
quences in human organizations;, are very good in communicating and 
cooperating with many other people; are resourceful with a wJH^ 
balanced; attitude towards efficiency. "This is the ' superman ' many 
organizations are watching out for so that he can solve their organ- 
izational mess (which was brought into the open when they set out J> 
for 'automation')." Indeed, this parenthetical remark is most valid . ' 
Many organiza-tions have tried to "automate^'' simply by acquiring a^ 
computer. It is a fact of life that automation brings with it funda- 
mental changes/ in systems approach, organizational structure and ^^"'^^ 
• hjjman, relationships. Ignorance (too pftep by the "comoutifig ej^perts") 
of "these impiti cetionjs -dooms ^he implementation to failure. 

In ah article^ wi1j,h Ralston 3^(28) , I proposed a mqre liberal 
undergraduate education than Curriculum 6Q for the following princi- 
pal reasons: , % , 0 

a) ' Computing pervades many disc^lines; . the cbmDuting stud^nt^^^ 

Should have a background in l^e d;.sciplines to which comput- 
ing contributes as .well as those which fcontribi;^te to comput- 
ing . / 

b) The communications gap between the user of computing tech- 
' nology and the computing practitione^ may be remedied by 

exposing the computing student to user^l^iplines , rather 
than relying on the user to absorb- the new tethaology . 

c) Engineers and scientists are being held increasingly account- >l 
able for the effects of their work on society. If computing 

. technology is to contribute to "the 'meaningful development of 
society, the computing scientist must^be a wellre^^it5ated and 
informed citizen. 
Finally, and on pragmatjxjgj^ounds , I note that Curriculum 63 
implementation requires a— fair amoi^ of resources - in staff, spa^rT, 
equipment and funds. These^^:e«tJtIrces"simply may not be ayail^'le . 

ACM Subcommitte^.^erf^'^ll College Programs has attempted to shape ^ 
Curriculum 68 recommendations within the^jmal-^r-tXlberal ) college 
environment (29) . ^ 
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THE EDUCATIO^fAL PROGRAM 
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'The poii^ts' of view expres;^ed above suggest that comiiuting fedu- , 
cational programs ' should be ihterdiscipiinary with breadth in^ a 
variety of^ sub'jects and deptji in more than the computing sub,1ect . 
This is especially true at ihe undergraduate level, and to the degree 
possibl^it should fbllow throug^ at t)?e graduate level. Such ^an 
_ undergraa^iate program should make it possible, indeed encourage the 

* students to obtain a "double major" degree, i.ev In computing and 
some .other discipline. It might have thl following constituents, 
based on the normal undergraduate programs in the Un4.ted States 

; consisting of app4:'oximately forty-one semester courses: * • 

a) Required Core: The core would consist of fourteen to fifteen 
courses - five i:eguired in mathematics /five required in 
computing, two- iji Jfengineering and two*or\three electiig^s ^ 
|/ ^«^om these areas. ^ ' ' 

* ^ b) Requi?64:.4j^ib^^ Fourteen to fifteen courses would 
be distributS^^^ other fields - five froJ^W sciences 
and engineering, arid'^riiinear ten from the humanities and 
social sciences. ~: 

c) Additional Depth-: The remdining ten to twelve courses would 
\ be at the discretion of thfe student. He wofl^ b.^, encouraged 
\ .to>pply them .to 6he ^hd no mor^ than two disciplines so 
. 1 ^ that he might ^iulfil the requirements of a (joubie major. 

Note that s-budents might well select courses from the humani- 
\^ ties an'ci social sciences to gain depth in these areas rather 

than ihe sciences and engineering. 
Sfcich a prograji infers the following points . First, the normal 
mathematk^a courses would be restructured, it has been remarked that 
perhaps ninety per. cent of mathematics is not needed (by the Comput- 
ing student) in its present form. This may exaggerate, yet clearly 
there should be greater emphasis on discrete and applied mathematics. 

Second, the computing courses should deal with the "engineering" 
aspects of hardware and software (and their integration) as well as 
the theoretical. Too. often computing science 'programs tend to r/gari 
these aspects as "impure" (perhaps as pure mathematics terids tol 
regard applied mathematics). i?e must keep in mind that computin, 
spans a wide spectrum from abstraction to .'.boncrete application . Vrom 
the purest of pure mathematics fb' the dirtiest of engineering. W 
should notf be^aj^^d to display our dirty fingernails. If ind 
they are as dirty as they should be, let be proud of it. 

Third, we should not shy away from embracing business data ^■ 
processing aspects into the computing program. Too often we relegate 
this education to "someone else", because we regard business data 
processing as evfen more impure than engineering. .We thereby encourage 
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the vocational school Japj 



Those working In tife bUs^ 



to that furnished to the 
we should design courses 
software management » and 
others. The ACM-Currlcur 



n«^^s^ 



heretofore not achieved 
the education of users In 



r"^llege) to take on this task, 
a processing field far outnumber 
those engaged In sclentliic cofitpA4tln?^<,.^i^ educational progran^s 
should furnish these stucietits with ^ Intell^ciyial content similar 

computer "scientist" • Along^^tbeae lines 
on management of comput'lng facilities, on 
on human and organization behavior among 
m Comml-ttee on Computer Education for ^ 
Management has made a stdrt &\ this direction with recoromeixda^tons 
^or a program in Infannatl&n systems (30) • ^ H 

Fourth, we must carefully examine the Interface between comput- 
ing and other disciplines- It is true that engineers (and computing 
students) regard the humanities and social sciences as irrelevant. 
Yet this attitude often derives from the fact that these courses 
are taught in so dry at" ui Inspired a form as to be incomprehensible 
to the engineer. 

Obviously, these thirgs are not easily done, Spme lie at the 
heart of 1>he MIT report ard require communication between faculties 

li addition, they will make more possible 
:omDutlng, The prog^ratfi outlined above is 
quite adaptable to such education by some^slii^t e.mph<^*ls , with 
.somewhat less in the compui ing core &n6. somewhat mor^ in the user 
core. However, these "change s reqgire a coordinated effort rather 
than the fragmented effo^i^l too often taken for the sake of 
expedience. ^ - 



nUAl NOTE 

There is an explicit distlncti^^twecrn the computer as a tool 
and computation as a c6ncep'd^^h^^omputer has given entirely new 
scope to the idea of compatekion - 30 much' so that men who wtrk wl-EH- 
computers have fourid-^liew wayk.of thinking, even in areas to Khlch 
the computer 9^ bl tool may never be applied. The computer a^ a tool 
simply contributes to the prAvalllng technological gap separating 
individuals and nations. Howdver, the widening communication gulf 
between people who employ fundamentally different strategies of 
thought, exploration and understanding is basically caused by the . 
rise of computation. Too oft^l^.our educational programs liave empha- 
sized the computer as a tool . Itoo often they have neglected to stress 
that the use of the computer stimulates and modifies Intellectual 
processes. Those' who are concelrned with education must do justice 
to both aspects in the programs they establish. 



..81 



,4 89 - " 




REFERENCES 



'Plnerraan, A.: "Computing CapabllltleajBrtTWestern European 
Universities", Communicat ions of th^CM . Vo-LlO, pp ,840-844 
(1967). ' 

Swanson, R.: "Informat><j!i'*l>rocesslng In Israel". Datamation . 
Vol.15, op. 49-55 (§iiK5^ember 1969). ^ 

Boehm,. B.: '^^pcf^utlng In South America: Some. Observations 
and Pollc^j><<onslderatlons for Aiding Technological Pevelopmentn , 
The .Raja?l Corporation (1970). 

P>rlSrman, A.: "Competing Capabilities at Argentine and Chilean 
Universities", Communicatldng of the ACM .'' Vol .>2 . pp .425-431 
il959)., • „^ ■ i 

c5. University of mchlgart Study: , "Electron Computers In Engln- 
_ eering Education, First Annual Report", University of Mlchfgan 
(Mo). ' * 

University of Michigan Study: ► "Use of Computers in Engineering 
Education, Second Annual Report" , -University of Michigan (1961). 
Unlversi'ly of Houston Study: "Use of Comjnaters in Engineering 
Education, A Report of the Advanced Scleifi* Seminar", University 
of Houston (1962). ^ ^ 

Highland, II. et_alt "An Integrated (Two- and Four-Year) Curric- 
ulum in Information Processing at a State Technical College",; 
SIGCSE Bulletin . Vol.q: Mn.T. pp .86-90. -(1975.) . 

Keenan, T.: "Annual Survej^ of University Computing Faclllt/les" , 
Universi-iy of Rochester (for the 7ears 1957 to 1963). / 

Hamblen, J.W.: "Computers in Higher Education", Southe^^ 
Regional Education Board (19,67, for the. 1964-65 academic year). 
Hamblen, J.W.: "Inventory dj Computers in University Higher ^ 
Education", Southern RegionaV Education Board (3^6^', for the 
1966-67 aoademic year) . 

{ ^ - . 

Rosser, J.B. et al : "Digital CdTDputer Needfj In Universities 

and Colleges", National Academy of Sciences/National Research 
Council (1966). 



90 



X 



13. Pierce, J. et al : "Coniptfi;ePB in Higher Education" ^^Jiw-^e a i-> 

dent^a Science Advisory Committee ♦ The White Hoii«^1967) . 
1^*^ COSINE Committee: "Computer sciencesl.A-^lectrical ^aglrieering" 
Commission on Engineering Educatlj>?rll967) . 



Committee on the Under.gr^ilu^ Program ipM^a^^ 
"Jlecommrfndatlons of thSCun^PergT«3u^i^athematics Program f,or ^ 
Work in Computing", Mathematical As^roo^atlon of Ai6er;^a (1964).. 
Pinerman, A. (Ed.): "University Education in' Qpnfput^ng Science" 
ACM Monograph, Academic Press (1^68). 

Viavant, W. (Ed.): "Computers in Un"Uer graduate Education" ^ 
(Vols. 1 and g^. Proceedings of t^hg Park C itv Con^rence (1968). 
Lynn, M.S. '(Ed .-in-chief ) arfdTwegner, P. (Education Ed.)*,' 
nnmmnn ications of^thT^ACM . Association for Cpflpu/ting Machinery. 
Aiken, R.' (Ed,): SIGCSE Bulletin . ACM Special ^Interest Grojip 
on Computer Science Eduoatiorf. 

Atchison, W . - et a!bv ; "Curriculum 68", Communi<(a tions of the At:M. 
Vol . 11 ,^ pp . 1 51-197 \ 1968 ) : 

Seegmtiller<^.: "Computer .Science and the dualJ.trf^of Future 
ComputeXspecialistjfe Education", Organ i sat l/on -^or Economic 
Cooperation and Se^fe^^opment (restricted papfir, 197 2J . y 
^Uchrist, B.\ and Weber, R.: "Souroea of Trained Computer 
^erapnnel", dnd "Egjloyment' of Tri^ined Computer Per^ffdnnel" , 
AFIPS Conference PToceadings .'^ Vol .AO, Vp -7 33-7^9 V* API PS Press 
(1972)^. . -V i ' 

^23. ^^^r^i^fe^Fdieratiton pf Information P^ocejg^ing Societies: 
• 4"lnformatidh Processing personnel SdnfeVn, AFIPS Press (1969) 

ik, Mercoiiroff, w.: , jS^mpUter'^I^ianpow^ Policies" 



15. 



16. 



17. 



18. 



19. 



20. 



21. 



22. 



hdmic CooperMion and Development (r^ricted 

\ 7/ ' ' 



Dr«an i ^?at ion ..f 
\ paper, 19>3l 

25. McLaugtti in^R ./^ "A Survey o/D^.^Bud^ets for 1973", Datamation,^ 
Vo^'d9,-^iO/^2/pp. 61-63 (19p). ^ 

26. jafhe MIT Coimission: "A »6w Plan ^o^yndergraduat,e Education" , 
/ TftfrhnolQ^ Revlev . Vol^ , p^^^^ulj^gust 1970) 

27. \HoffmAn, K 

'kep(^ of the Commission on MIT Educatlon^ ^^^70 ) » 

28. gikjj^^an, A. and/Ralston, A- ? "Undergraduate^ttRC^ms >h ' 
''comp^Jing Scieil^e in tbe^Tridition of Lifi*t*^^u^a^^ 

Ig'IP vi^b^ld C<mfereiicff'bi^omDuter Education 1970. Science 



^Time of Crisis", 



*\ Asflottla'^^j/internatl'dnal . 



:ERIC 



91- 




29. 



30. 



ramff 



Austlng, R. and Engel, G.: '♦Computer Scltnce iiduc«tl6n -in 
Small Colleges", ACM Subcomifalttee on Small College Pro, 
(restricted paper, 1972) . ' 

Aahenhurat, R. (Ed^)^j^ "Curriculum Recommendatlona for 'Graduate' 
Pr^^iJaslonal ^<5grams In Informatlox^ Systems" ) A Report 
SCM CurrlpuaTum-ConanlttSe on Computer Education for Ma^mgem^nt , 
Communica tions of the ACM , Vol.15, pp.^62r-398 (May, 1972). 





VII 



COMPUTEP SCIENCE IN SECOtoARY EDUCATIOM 



/ 



io* by 

/ • - \\ 

Jacqvies Hebenstrelt 

Directeur du Centre de Calcul de 

1 'Ecole 8uperleure^.d»el6ct.rlclte 

Paris (France) ;^ 




INTRODUCTION 

•• ■ - \ 

Until a few years a^5o computer science wAs' mainly Introduced 
[into educQtlon^^'ln the form of "computer-asslstW instruction" . In 
lother words, computers have so far been little \ised in education 
lexcept-to'Veplace the teacher, with varying; degrees of success. 

in programmed teaching, "drill ,and practlce\^' techniques or ' 
^dialogues" , computers\nerely replace the teachei^ in transmitting 
knowledge y^nd testing wha\has been learnt, with &11 the flexibility 
Jhese madninGS are capalfle^ of if prSWrrly programmed. 

However, a new tendency iVemerglng, based> on \^he conviction 
laf computer* science is becomlng\an Independent fl^ld end that its 
9thodology can offer education mucJKmore than the a^tomatlor^ of 
^Ai€t\ largely minor tasks as the ti;'ansmiGslon of knowledge. 

V - \ • 

EDUC/VTION AND THE TRANSMISSION^ OF KNOWLEDoi 

Edjucatlon , has long been cqnaJ^der^d as a system for \;ransmlttlng 
kMowledge and is still so regarded to a considerable ext^t. this is 
ear fr6m the division of education into quasi-independerit "disqi- 
ines" along Unes which have little varied since Auguste'^\^Comte/»s 
The objective is^to filU pupils* minds with as mudh infornj^tion 
possible, while fhe representatives of thd^ varioiis disciplines 
consider that the number of weekly t^ching hours at their disposal 

far 'too small to attain a certain 1-evel below which they cdnnot 
urfjSfully operate. . 

In view of the steady increase in our, knowlecige.it was natural 
try to solve the problem of cramming a constantly expanding 
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content, namely the knowledge tc 
»clian^d container, -Tiieanlng thf jalunbet 



3^ conveyed, into a largely un- 
^ hours a pupil 4,s expected 
to devote to his school act iv^les/?^^ 

On the str^gth t>f hia^^ite^ wor)?l?iKanirmal psychology 
and the spectacular resu^s b^has adhievetj,^ Prof^'^-^tnner has 
'proposed that this pro^W be solved by program^eid Instruction , 

Starting with ttie pte^tse that education Is a system for^li^^ans- 
mission of knowledp^ he sugges,$;s that the use of the pupils, 
l^g capaci^'^ filT^ld be optl:tnised 'by: f 

a) br^a^ng down fhe recorded material into ^ementary facts 
^dXconcepts which afe carefully analysed and.^-apr^ngedTln 
orden of Importance; 

b) lntrod\jclnr. t)uplls' to these facts and*- conc^epts one by one^ 
In lori^al order; " » 

c) ensuring 'that correct repMes to the 'questions Inserteg 
between the Item^ of Information ^are Rewarded by word/v6f 

' pwalse. * / 

Even If this method Is supnletnented by ImproUmehts d^l^erf; by 
Growler and others^ order,to make the sysl|em more^-fl^xi^le , It 
. Elni!:ularly recalls the conventional techniques us^d to 
dltlonod reflexes In' tj:vlng organisms. 

There^ls nothing-very surorlslng ln'*the^ 
method aroused when it fwas first proDosed, in view ^f the fact tllat 
much of our social life Is based ^precisely oi the/hs sumption that 
man's capacity to bo conditioned la infinite, 
the^J^lnd of osychologlcal suggestion ftnd bra 
the mass mtfdla , not t6 speak of the advertls. 
motiv%^on studies. These psychological and 

atlons. alone would be enough ta' condemn th^l ano^^ach els a g^eral 
./nethod of education. We shall ^refer late^ to|. it^ use InT pertain 
specific cases, but there- are *even more^^fsqL^ietjlng dei^ 

It is obvious that euch conditio^pg rika ctett^terjto the sort'> 
of adap^bility which is more necessary thai ^Jr' at aj period when 
many Gpocialists foresee/ that toda/»s school children Will hav^ to 
change .occupations two 6r three times in thjeir Jorkiny exist^ce. 
It is obvious npt only f6r suct/reasons of brinilDli? Lt also in 
practice, since any technique/used to teacW mor^ thlnL in less time 
has a twofold limitayion: the soeed it t^Kes ajhumaW being to learn 
and the time he can^evote/to the learnW, procjess . is each of these 
, terms is finite, th4 prodUct of both Is'alL fiWte.f and this means'" 
that whatever the jkethoA used to transmit Knowledge / there is an 
upper limit to th^ quai/tity of know:i^edge an IncfividLl can acquire 
in the- course oi;/his school life, ^t accordini^ to /certain expats 
the quantity of information generated b^ our ^ciJty now doubles 
every ten yearA , and there seems ta be no foresee/ble en^ to the 
process^. 



nduce con- 



enthusiasm which this 



lous example^ are 
Lnyashing practiced by 

gg^techniquf s btsed on^ 
^ociolcvgical consider- 
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wh«^er optimised ^ or 
lei tranj^^Mion of 'knowledge 
' of %^ppis^ixtg^ method 




o.1i^any system of teach- 
to fail, .since* 
eJthe houl' of 



C8 tfs the "science of education 



ilque of tefeichlng'i , 



^and lnst^^5|^ion ; 

In vle.w»of the technologlcay^trend of the presMift^age it 4.s ' ^ 
hardly aurorlslng that moh'^'^je searchers^ havje<; concentrated on 

the s^^d'p^art'of the def initloa<<irTe\ tfie techri^lque of teaching., 
Iin only wonder 'that someone hrfS not Imltgted the American companv 
which hefff /adopted"" the name of E^utronlcs md' hafj ijot slj/^est^xMISSt/ 
the fitlli new activity known as ^ducatiorA techn^ljc^-jr^^ ^ ' 

given thfe name/'of "Ingtructics" , "educ^tJIV'^^'oreven '^eachlcs" . 

This outlook Is ver^r^^ujafortGrxate Xw that not only can*th« "w^od 



not be^s^TvitoxiJ^t^iitr^ , but that 
=»sf%^t^rTTt Induces such an obsession 



Infinitely more serious / 



the means of teftching t^hat 
the means har^" eventually become theJBnds. I shall mention but ode . 
example, which has the merit of belitg- recent and is in my view Abso- 
lut ely>^6yp leal . ' \ ' ./ / 

In a publication on comptiler-«'sslsted instruction which iVas y 
J\/st\been Issued ^•(:he author 'doe{p' not hesltpte to lay down the/? 
at ;"te^chlng basically pronslsts in tr^Mmittihg lnformatloi;i" 
hlch, the ;3<5rollary IsVthat the t^achffr, /because he cannot yiy&nlver- 
al, foras a screen bet|jween i^f orma;Jilort/aijd the pupil. The inclusion 
is tfia't' it is' far be-^telr t;0 let tY^ pUPil obtain direct a^ess to 
information rather than\thrdugh suoh imoerf ect , apor^Hx^mate channel 
ajs the teacher. 

It would hardily be Gl|npllflcatlon to say th^r^^-irl^TJrogrammed 
tc^-aching is bao0d on thl 



bmlso . 



Admittedly, the lat-^er .pstlj 
by An American team whic! 
amazed to discover that 
memorised thenr^ much more 
Ingful t0Xt than singly. 




of the/type undertaken 
alter several ^mpfiths' Invj^stlgation , was 
pills faced wl;>fi a list of/rand6m words 
(lisllLy when/€hey were Ina^rte^ into a mean- 
am sure^hat everyone Vasd^Xy edified 
When this truly surprising rejRllt was recently j^vblifltied. 
\ This example among mlnSr^ others shows the /degree to which American 
research 1^ conditioned M be^ avlourism. Thl/behavlotjrlst approach 
is Almost always ifirplicltj Under the pretend of objectivity .the 
pvjill is trej^6d like a blnck box, no explanatory model of the cop^ 
tent op^e hlQck box is etexv^built and/the consequences have^>^n, 
t^fortunately continue it^pe , notl>ing "iahort of disastrous. 
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' §lnce th0^b«hai?'l<Jurlst approach ultimately threatens to negate 
the very Idea of teaching; the working group of which I am chairman * 
decided to start^ from a radically different basis. As ctf>mput©r ^science 
deals With the processing of information'' in^* the Riiost general sense, 



and a^ 
mation 

tb pedagogics 



education is substantially a way of • procesaiw^?. certain infor- 
, we have attempted to apply^the methods of computer scienpe 



/ 



/ 

Atpempt to apply the metlyods of computer science to pedarogida 



Ajs pedagogics is the science of/$iucat^on*^«d instruction we 
felt t|haf^;Lf w^v^^re to \Q£^ke any pr^og^^p^ we needed' a mode;i of trfie 
indivj|dual for/Whon^ su<^h .Muc'&t^ ^as iritended i , a tfiod^^r^t the 
pupiljhimsel/. We wpre nbt- losing for any universal inodel which 

expil^ln.the details of . a, pupil 'a^behavio\ir in all circumstances, 
would have b^en'^far too complex for use, V/hat we needed was " 
1 whiblT was gertera} enough to be really .useful and yet precise 
^and/simple enough *tQ "be readily utiliaed. 

Considering that pupils al?e, oh the whole, intelligent indivi- 
duals, ■l:he model We-^adopted /or a Pupil was purely and simply the 
computer-science jdef initio;/ of ar/"intelligeut system", Thlb defini- 
tion is not new, as it isr' the basis for considerable ' research on 
artificial intelligence. In no case' does it claim to .describe the 
whole field of human intelligence. But ^wever- incomplete, it ij^ we * 
shall see that it still has the enormous advantage of leading to a 
^nMmi>er ^f Interesting conclucions. This definition is a^ follows: 
• , "A system interacting with its enviroijirfent is ''irlteiligent if: 

- the system possesses^ a model of it6 environment;^ 

- before action is taken tp achieve some specific environmenial ^ 
efjfect the system testy ita action by simulating it on the 
fgodel ; y * 

- when simulation does not yield a favoura]})le result other^ 
® action designed to achieve the same effe<pt is simulatecT^ 

until'^Q course of action is diocoverod w^jich is likely tcf" 
be favourable. , • > 

"Action then taken to influence the er^yironment may have tWo 
possible issues: ^ , ^ " 

^ if the environmental effect achieved, conlflrm^r the simulated // 
' effect, the model is reinforced ; , 

- if the environmental effect differs froifi' the simulated ef^ot' 
the modfel is .corrected in* the light o/ the result obtain^." 

A possible objection to this definiticm is^ that apart fromla 
few details it merely reproduces the definition; that "a system is 
intelligent if it Is self-adapting", HoWever, the la1:ter definition 
is of the behaviourist. ^type; it is descriptive ^nd^^timately unusable, 
whereas the definition we propose 1& of the CQj^isXer^s^^iyce type, 
enabling a utilisable motfel to be Obtained, 




- 96 



88 



* It is moreover interesting to compare ©ur definition o^an 
intelligent system with .the role which Prof. Jacques Mor^ assigns 
to thrbgainr . 

"i-*It ensiles the control and the pentral ' co-or6inatlnn of* 
neuropiotor a<Stivity, as determinedt,, by afferent sensory 
impulses; " , 'z . u 

In the form of genetically detprmirrfed cir^dults, it contains 
• programmes of action of varyii(^ dyegrees of coqpnlexity, whi, 
are triggered by means of specif/c stimuli; 

- It analyses, filters and integrates ^^fferent sensory impulses 
.in such a way 'as to build up an imafl^© of the outside world 
Which is adjusted to the specif ic jperformances of the particu- 
lar animal ; 

-^jOepending on the range of .these^lspecif ic performances it 
. records significant events an<li /classifieds them analogically. 
*^ It associates these claosif ications according to the concur- 
rent>or sequential relationship of events, making up the 
classifications. It enriches, r.efines and diversifies'^the 
*lnnat% prpgrammes by including these experiences; 

- It imagines, meaning that it represents and simulates outside** 
Events or "pVogrammes of action which are those of the animal 
itself." , . ^ ' 

We have, quoted Prof. Monod at* 6uch length not so much t6 empha- 
size hpw closely related these two definitions are but to expand on 
certain points in our own definition. 




bj) The conxiept bffhind the model 

^ulYi^ term model normally con«1ures up the idea of a mathemat 
model as cpmmonly used by physicists. We are not using the term siodel 
in this sense. Indeed, as Prof. Monod points out, a model may be 
causal, analogical, quantitative , temporal , logical, mathematical, 
etc. and it may even be all these thin^rc at onee, depending on wVich 
part of the model Is considered. " 

Very geneVally speakinpr the model might be said to be a "fu:zy" ■ 
relational sys;bem (in, the sense in which Prof. Zadeh speaks of f 
"fuzzy sets".y which is. formed by a network of connections of varpng 
degrees qf looseness according to the part of the network considj^red, 
does not/hecessarily form a whole which is entirely coherent (injthe 
logical/sense), but structures a set of.mp^orised knowljedge . | 

yaturally, the model must not be considered as a JuxtapositlLon . 
pf memorised knowled^p with a relational stnacture ,bi;ft as an Inter- 
acl^lon between the two. This means tjiat^ tb^ way new krwwledge isl 

bq.uired depends on the pre-existqnt model, wFxlch'the acquisiti^ of 
any new knowledge morjs or less radically alters''**(this primarily means 
that there is no pure^^enomenon of memorisation excc*pt of coursi in 
certain processes ^ experimental psychology) . 
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with reference to the remarJtable' research df>ne by Prof • Plaget 
his team on causal explanations, the model wlalch the Intelligent 
^system constructs might be described as a dialectic synthesis of th.e 
ofeeratlonal attitude and the loglco-mathematldal attitude, these two 
terms being used as Plaget defines there. 

It is important to^ emphasize , and we .shall have occasion to 
revert to this point/, that the model is used by the system as a fore- 
casting mbdeT. AsX result, the more extensive the environment to 
which the model/relateo the greater the capacity of the system for 
effective environmental action. However, as Prof. Monod points out, 
while the .i£bdjEa -building proqess Is Innate it may be Intensified/ 
refined and/developed . 

In c><<ncluslon, It lo/'clear frjom the two definitions that exDerl- 
^ipenta^on is the only giiarantfee of validity and the only way In which 
*the.^odel can be corrected, aiqplifled and developed. 

^ It was/on the basis of these considerations that we believed 
the ob,1ect<(vos of education could be deflped,. 



c) Ob.iectlvos of education 




-^Por many generations secondary education proposed to "train the 
mind" by means of Greek history and Latin versl flcatlon . Knowledge 
and control of the environment was snmethlnc which children were 
supposed to learn from their parents. - * / 

the Introduction In France o/" rnmpuloorv', non-denomlnatlonau 
cost-free c/lucatd.on dld/llttlo to chanjre matters as Ittnwis mora^ oz 
locfi coimnod to the four operations on real and ratl(Mal num^l^, 
to Sinoyiinr and the. list of tfie main towns In each French^i^^partment - 
a hardly coherent body of knowledge which dudIIs had t^^^^arn by 




-Increasing speed 



This whole cystenf was challenged by the 
of technoloi-ilcal growth. 

'Faced with the Increase in the mamToY accumulated knowledge, 
the educational system rooctp^ by inflating the curricula and 
Incroaslnfr the number* of sub.locto taught. As the pace of technological 
nrogrosiJ quickened It had to call unon technology to try to teach more 
things In less time. Finally, disheartened by the Increasingly rapid 
obsolescence of the knowledge acouired, educationists launched the 
slogan "teaching means toachltig noonle hnw to learn", as if this 
formula which is nothing but an admission of impotence had any enhance 
at all of splvinr the problem. 

In view of what is ^now called the information explosion it is 
clear that conventional" education , conceived as a nystom" of trans- 
mitting accumulated knowledge, is on the brln^ of bankruptcy , 

If we now reflect the idea that education is the transmission 
of knowledge and analyse the approach to teaching by taking as our'' 
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basis^the model of the pupil considered as an Intelligent system, 
the problem will then be seen in somewhart different terms. 

•= We have seeA that an -intelli^^n-f system possessed a model of 
Its environment ^'d that this model Ij^'uaed by the system as a fore- 
casting mod^,! developed an4 improved by experience . -From th^s stand- 
point It may pe said that "learning means learning to nlan ahead" , 
but although learning by experience is effective it is also the 
longest method . 

In these cif'b^stancje^, the major ob,1ective of education may 
be said to consist irr-l^ducing learning time by teaching, instead 
of knowledge, the models which make such knowledge coherent and 
therefore operational. From thi-ft point of view the slogan "teaching 
means teaching to plan ahead" .means tHat each pupil is helped to 
build, within his own brain pattern and by using his own model, a 
coherent model of his immediate or remote environment ^ that he 
can exercise his activity, whatever it is, with a chance of increas- ♦ 
ing success. ' ^ 

May I point out that the model in Question is not a mathematical 
one. Whi^e the latter certainly haS proved it^ worth, it is by 
definition incapable of representing the whole complexity of the 
environment. • 

The term model here follows the earlier stated definition, and . 
as such can be us^d in all discinlines, including those scarcely 
lending themselves to experimentation. 

As previously defined the exact sciences provide model,s of the 
physical environment (physics, chemistry, astronomy, etc.), the 
human sciences models of the social ''environment (economics,- socio- 
logy, etc . ) , while'the arts and literature supply models of the 
human envii*6nment (aesthetics, imagination, emotions, psychological, 
reactions , etc .) . *^'r 



COMPUTER SCIENCE AND EDUCATION 



he purpose of the foregoing remarks. has be^n to show that when 
applied to pedagogics computer science is an independent science 
whose function is to *provide information for as wel'i as to c^jistinguish 
between the semantics and syntax involved. A logical resulting 
approach in computer science is therefore model-building. 

An attempt was also made to show that this is a fundamental 
human mental process and that it can' be improved by the right train- 
ing. 

This led to the conclusion that the transmission of knowledge . 
should be systematically designed so tl^^t pupils. can broaden, deepen 
and improve their model-building aptitudes rather than more or less 
completely reproduce some sub-set of knowledge which they have tried 
to memorise as best they can. 
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Teaching by models Is usually plurjldlsclpllnary by definition, 
since the mechanisms which control the' environment cannot be forced 
Into a mbuld^llke Auguste Comte's classification of the sciences'.' 

, It 1& admittedly difficult to Introduce such a form of education 
not however becaMSp its principles are so very new. Many teaching 
manuals show a t/end in this direction^ The real tt^ouble consists 
in proceeding fJ^ the general discussion of some given problem to 
the stage whereUhe model ^la: systtematically used for teaching pur- ^ 
po^es. 1 ( J 

Teaching by models raised two further nrSblems which are^ 
incidentally ^oJnected. The first problem arises in analysing the 
actual' teaching process from an inforraation-proceliing standpoint . 
A teacher who wishes to transmit an idea or a concept can only use. 
the spoken or written word <let us disregard drawings, photographs . 
or films, which would only comolicate the problem). The set of words 
he utters he has selected because he feels they are most likely to 
reflect his thinking precisely . The pupil registers a pattern of 
sounds which he analyses and triea to reconstruct the meaning of the 
sentence with the help of the usual linguistic conventions. Recon- 
struction is the work of the pupil and nobody else. 

We do not propose to revert to Plaget's well-knowtx experiments 
which show that certain concepts cannot be communicated until, Ijhe. 
pupil has reached a certain mejital age . But it is pretty clear that 
the meaning as reconstructed by the pupil will Invariably depart to 
some extent from the meaning? the teacher wishes to communicate, and" 
that the gap will obviously not be the same for each pupil. The 
situation can be summed up in tfie well-^^known saying about the-'teAcher 
simultaneously giving as many lessons as he has pupils. This |)roblem 
of communication is particularly /acute when models are used, I.e. 
with teaching relationships between things rather than the things 
themselves . 

The second problem, which is more or less connected with the 
previous one, consists in testing the jnodel by comparing it with 
real life situations. ' . - * 

We have already seen in connection with the definition of the 
"intelligent system" that the model construoted by the system can 
only be reinforced or porrected througjj;^ experimentation. Only by 
testing ^tual situations will the piipll be able to correct any 
deviation between th^> model tJ^e teacher has trl.ed to communicate 
and' that which -^he pupil has actually built himself if 

Testing is therefore an absolute requisite, but, quite apart 
from the cost, how can the time and above all the facilities be 
found for testing a model of urban growth or an ecological model? 
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Computer-assisted Instruction ^ y 

JVlthouKh experimentation at the actual scale Is always desirable 
it is unfortunately almost nev^ possible. For teaching, purposes, 
however, a feomputer-slmulated model can be an effective substitute* 
In our view this la one of the ma.lor educational roles which the 
computer will be expected to play. / 

Since teaching has been regarjCfed as the transmission of knowledpre , 
the natural reaction has been to .ube the computer f of the same, purpose 
by having It take over some of theM^rk from the teWcher. 

In the extrenj'e case there would be no reason why the whole task 
of teaching should not be transferred to the computer, which wotald 
simultaneously play the part of a gigantic data bank, a source of 
documentation and a reservoir of standard lessons In every conceivable 
field. 

Such Ideas have been put forward very serlouslfy together with 
considerations on the changing role of teachers, who would t^ius be , 
•relieved of routine duties as educational psychologists and could 
^tatlstlcedly analyse pupil achievements Plotted 1^ more or less 
complex diagrams covering each sub^ject. i 

This Is not to say that in certain ^ses the computer is IncaP-/ 
able of playing such a part. The odd, yet hardly lirjfexpected outcome/' 
is that several educationists should have promptly ^regarded partla}^ 
tests as general proof and elevated this method (jf usinp* the computer 
into approved dogma. Such an attitude should not Jreally cause surprise 
since it is a logical development of the computeri»s history. For it 
must be admit*^d that the use of computers was injltially pronosed by 
computer specialists. Not being teachers they sto|?ped at the^ most 
superficial aspect of the teacher's task, i.e. the transmission of 
knowledge, and eagerly staged experiments to nrov^ their point. The 
teachers attracted by these experiments for their ^.part did not know 
how computers worked or what they could do, and so continued to thlr^k 
along the lines suggested by the computer specialists. 

It' is only recently that a number of* teachers have gained 
fuller knowledge of computer capacity and computer methods , a^d hfive 
AfifiQ^dingly approached the basic issues afresh. 

VrSer&Sjls a striking similarity between experience with . com|iuters 
InAducaWon^d j^? management . 

/ In matS^SlS^ient a start iWas also made by using the computer/ for 
minor tasks (pay-sheets, invoices, etc.) until managers came 
realise what the instrument could do. Only then did the real/computer 
revolution in industry begin: manual techniques were .lettiyoned and 
the radical .overhaul pf management methodsVwhlch we are now; experienc- 
ing was undertaken. ^ <• j / 

The process is now a standard one, and it would indee^ seem that 
the present growing p»ffft of corpputer-assisted instructioi^ conform 
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to the patt-ern. Up to now comDuter-asslstfed Instruction has been In 
the hands of computer exoerts and subject therefore to every sort of 
trial and error from a teaching staridpolnt . ^ 

Only recently have teachers |)egun to tackle the problem and, 
despite blunders due to unfamlllarlty with computer science, it 
would seem that a good start has now been mkde. Any problems arising 
from the use of computers in education have much more^tfr'do wlfh 
teaching than with the computer arid' can only be \nroperly tacki«iJ by 
teachers themselves . ' . © ■ 



COMPUTERS Ilf EDUCATION 

it emerges from the foreRoln^, that the computer Is simply 
tool and that what really couhts Is the methodology of its use. 

In many places It is 'considered that the problem of teaching 
computer«sclence Is met when a numb/er of lessons , have been given 
on computer structure, technology and langaiage . But It Would seem 
that the real problem has been bypassed. 

From a technical and technological standpoint. In secondary 
education the computer Is neither more nor less Important than such 
other products of our era as the turbo-reactor, the Internal combus- 
tion engine, the telephone or television. While aJfeW lessons devoted 
to thq^ computer are always worthwhile, this Is far renjoved from 
teachirtg computer sciOnce . '» 

From the standpoint of programming languages. It Is Increai^- 
Ingly obvious that these are^part and parcel of the computer tool 
.and come under the heading'; of technlnue. It Is, of course, essential-" 
that pupils should learn a procrammin/; lan^ruage if they have access T 
to Q computer, but It ;«o'.i1d be dangerous to consider that they have 
been taught computer acience simply because thoy have learnt the 
language . 

The fact is tyiat learni>y|[ a computer language does not help 
anyone to use a computer for solving a problem any more than learning' 
to drive ma.ces it easier to pick out the best route on a map. An even 
more serious problem la that a programmer who knows orily one language 
may eventually be able to deal with a number of problems on a computer 
but does not know what he is really doing. The best proof of this is 
the programmer's endless difficulty in trying to learn another t/pe 
of language (e.g. COBOL for a FORTRAN computer). j jr 

This is because a programmer sees his computer language qVa 
set of ^ore or leS(fi arbitrary constraints through which he eventually 
discovers method^ for expressing the problem he wishes to solve. If 
he alters the nature of the ob.lects to be handled (replacing' numbers 
by files) the orogrammer must again resort to trial and error before 
working out a methodology for orocessi/ig the new data. 
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If Instead a, computer Is regarded as a device for manlpulatSpg 
syjnbols according to purely syntactic rules and programming l^f^^ges 
merely as a set of methods for elucidating these rulesi cleapiV'^^J^e 
fundamental problem In computeR science Is* neither the compv^yj? noi* 
the machine language, but the formulation of an actual sltjti^^ion In 
purely syntactic texms, I.e. the construction of a model, & 

it Is on . this account that model-,bulldln/7: must be refj^ded as 
the basic approach In computer science. 



CONCLUSION 

We have attempted to show that While the processing of Informa- 
tion Is a science. It Is not one .which can be apprehended by merely 
studying the basic toolfs. I.e. the comnut'b^and programming languages, 
any more than astronomy can be reduced to the detailed study /an'd 
operation of telescopes. ' / 

This does not mean that a computer utilisation course /should \>,» 
reflected out of ha|jd^, but meens that It would be a serious, mistake 
to Imagine that computer science can be taught by this al0ne. The 
latter would^ merely be a technical course designed to- exr/laln the use 
of a Piece of equipment. The ouestlon In how much Imporljance should 
be assigned to such technical aspects In secondary scho/bl , which Is^/ 
concerned with general education • ^ ^ 

We 'have emphasized the fundamental • approach In computer science i 
I.e. model-building, which may be briefly summarised as the study of 
methods to solve real problems with the help of' purely syntactic 
manipulations . . ' 

, At the present stage af &ar knowledge com^utoiy science as such 
can therefore hardly be considered as a discipi^^ne capable o.f being ^ 
taught like mathematics or scpography, simply b^caaso we do not yot\A 
know'whether there is a general methodology of model-building. 

We do, however, have some knowledge of model-building in indi- 
vidual disciplines. It would therefore seem reasonable at the present 
^juncture to confine ourselves to teaching the various model-building 
processes In the different disciplines ,when transmitting the knowledge 
relevant to and within *some individual discipline. 

This would by no moans involve a revolution in teaching h^ethods 
but simply call for a different approach, each fact and each nev 
concept acquiring a new dimension through the model which integrates, 
clarifies and explains the fact or poncept . 
' This approach to computer science in education closely mjptches 

that adopted in the experiment conducted during the past three years 
in French secondary schools under the aegis of the Ministry of 
Education's Information Processing Commission, directed by Mr . Mercouro 
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In the first phaae of this experiment teachers from all disciplines 
were given a course In^bomputer science and^were asked to rethink 
their teaching in the light of what they had learnt in the course. 
The experience of a number of working parties revealed the difficul- 
ties of .teacheriq whp' thus had to revise th^lr whole teaching approach, 
but alisro showed that a number of positive results could be achieved, 
" The second stage wks to Install 'tl1ne-sharlng systems in a cer- 
tain number of . schools so that previous findings could be applied, 

,^ We feel that although the cost of training teachers far exceeds 
the.c-ost of the computers Installed, this is the only way to ensure 
that the fntroduction of computer science in education will not 
become a mere gimmick or produce what the British and Americans are 
Already 'calling "FORTRAN-ldlots" , 
/ ^ 
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VIII 

THE COSTS AND TECHNOLOGICAL FACILITIES 
WHICH TRAINING INVOLVES 



by 

Jacques Suchard 
Charge d'enselgnement 
Instltut de Prograraraatlon 
Paris (France) . ^ 



/ I should like to begin by a few remarks on the way I have pre- 
sented the subject at the risk of being taxed with dishonesty In my 
Interpretation* 

The first remark Concerns the sequence In which I have Intro- 
duced the two operative terms, I have placed "posts" ahead of 
"facilities". This I feel to be Important In t^he senjse that It Is 
consistent with the usual wa^n whlctit^ unfortunately compute systems 
are chosen. In. the absence of any infcxrmation as to the actual tasks 
the computer will be required to perform, coats are often estimated 
In terms ot available funds or, falllnfe that, of the budget which It 
Is felt can "reaaonably" be exacted fr#jn a board of directors. An 
effort io then made to^det^rqlne the meat sensible configuration 
compatible with such a parameter and ik It turns out to be suitable 
00 much the better. This Is a typical ixample of the procrustean 
attitude so commonly found among iall types of managers, for the 
exercls^ of such brute force may Well result In a ridiculously 
Inflatedj budget A striking exampjle of this attitude Is the develop- 
ment of the "lUT d'lnformatlque", which are "university Institutes 
of computer technology" much llkeJthe Polytechnic Institutes. Origin- 
ally classified as properly belon^jlng to the tertiary sector, they 
had very great difficulty In getting off th^ gro^ind since their 
allocatlDns Were tiny compared with those distributed to the "lUT 
d'ilectr unique" or "lUT de mecanlque", which were ranked In the 
secondary sector (Industry). Slnc^ being reclaoolflod they have been 
allotted an amount of funds for equipment which Is Inconsistent not 
only witi the limited proportion of * computer Instruction In their 
curriculum but also with the appropriations granted to the universi- 
ties # which offer a much longer and a much more detailed course 
O signed, for a much greater number 45 f studenrts. 
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How should thd word "coot'^ beinteriireted here?" I prefer ^to 
consider that .tMo tern concoma^nythlng but the financial aspect. 
Otherwise we shoiHO^affieate^^ against the almost insoluble 

problem of "production costs". is always a -difficult pi^obiem\ 

but here It bec.omes one pf doilntlnp: dimensions when it Is realised 
that a leading world manufacturer^ failed to refute an allegation 
pfflclally made by an association of independent competlt6ro, which 
was that the average production cost of the type of peripheral 
equipment generously leased out by the said manufacturer can be 
recouped m one months Is It possible to quantify the development 
cost of a conversational system set up by^a university fon its 
teaching requirements and possibly used by other similar ^^nstltu- 
tlons? How is the cost of "manufacturing" teachers to be evaluateStl^ 
Should it be considered negligible* in all cases, or only'when such' 
an activity is occasional, the principal fupctlon being of an admin- 
ifltrative or industrial type? 

In view of the foregoing considerations, I feel it is more 
sensible to define budgets in terms of whatever faallltles are 
required, without trying to express them in standard terms. 1 e. 
money, energy, otc. We shall therefore consider a "time budget" 
representing the period of training personnel, a "personnel budget" 
defined in terms of teachor/studont ratios, an "equipment budget" 
covering all typos of ^systems required and distinguinhinr between ' 
hardware and software aspects, and. finally a "relations budget" to 
deal with actual problems of the oporatinnal or research type. An 
attempt might be made to combine this lost it^m with the first or 
second one, but this is believed unwise as the people concerned 
belong to quite a different category from that of the usual super- 
visory staff. This distinction may appear rather too specif Ically 
academic for a type of training provided m an industrial sotting 
where supervisory staff are mainly drawn from "active" instead of 
specialised personnel. It will arise again in connection with 
research as soon as any kind of in-depth training is considered. 

My third remark concerns technological f facilities . These must 
be very varied. In presenting his paper Prof. SeegmUller emphasized 
that students might fiot have enough contact with computers during a 
university course. This is perfectly true and by no means limited to . 
students and universities, when- I think of the many programmers I 
have met with three to six years "experience" who had never had any 
contact with a machine except through the straight and narrow mte 
of a despatching centre or the protective "screen" of compilers, 
systems, and maker's manual. No doubt thi9 greatest mistake in this 
field is to imagine that the problem cajh be solved by a "deus ex 
machine", i.e.. the "big" time-sharing system. 'This can nnly result, 
in Getting up an even bigger smoke screen between the sub.lect ^and 
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the machine. It should oloo be noted that the behaviour of otudent.e 
or progranuners who have too much contact with an over-generous time- 
sharing syot em is strangely affected^ They very 90 on .get into the 
habit of relyin/^ entirely on this kind'of guardian an^el and cease 
to make any effort to think and even to analyse. This has led to the 
proliferation oJ altogether spineless, largply, oharoleso systems 
which may legitimately be described as "<l<inif(^^^r cancers". Prof. 
SeeRmUller has quite rightfyijpoijitM outl-^ of this 

kind, cannot possibly provide suitable, i'^'/s^ usAt)le , products. 

Does this mean that conver*aational a|r|t1twij^j(jo be prohibited? 
Certainly not. But they muct bo used^sparlrij/ily'i, in homeopathic dosea, 
as it were. Thoy arb .perfectly suitable in tHe\carlier stai^es, for 
introducing nevf ideao and structures. Butythet^^* use is by no means 
limited to the initial phase, since now ideas^'/jan be discovered at 
all levels .of training. On the othpr hand they noed^ to be used in a 
more normal environment and thij> muijft be done as coon as possible. 
A pjood conversational system is thus a remarkable experimental tool 
and should be left as often as possible at the student 's disposal. 
,There can conseauontly be no qi|eration of a big, universal computer 
except in really special cases ;whero cost is no ob.joct . A 'rather 
(^Urious .controversy is devel<^ping with Vegard to the value of the 
I^M time-sharing operatidns^'S&cpbrimonts carried out by several of 
my research workers have y^^ldod absolutely contradictory results, 
ranfi:ing from several seconds to several dozen minutes for the execu- 
tion of original instructions. As this, discf^epancy was permanent and 
consistent for the same people, e short investigation showed that 
the dissatisfied parties wore those usint: TSO "normally",, i.e. as a 
time-sharing operation like any other warranting averaro priority. 
Their opponents who loudly championed the system all turned out to 
be members or affiliates of a centre which exclusively uses a big 
370 mach4.n0 for 0 permanent TS30 service. Thoy undoubtedly have a 
powerful tool for systems research but this kind of solution is 
about as economic as the famous MTT "Multics" which *in June 1971. 
despite efforts spread over 10 years, continued to have the same 
point of saturation as a MAC, i.e. some ^ to 16 real users. Hence 
,thesc are primarily research toolii, though at a pinch they may be 
used operationally by customers whose time is roughly worth that of 
such systems (F. 5,000 to 20,000 per hour). As far as teaching: is 
concerned thov are too expensive^ unnecessarily powerful and compli- 
cated, i.e. too sophisticated. / ^ 

We must not forget to defin^ the ob.jectiv/ of this evaluation, 
i.e. training, whether as a progi'ammer in the /space of two short 
weeks, after a f4w months* corretjpondence course, or as a systems 
^nginoor. All that can be said flt)out the first case Vs that extra- 
ordinary facilitias would be needed for real effectiveness. As a 
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reference we ^vflU adopt tl>e profile defined by Prof. Seegmttller In 
the, paper he read In October 1972. As he himself said, the ptome 
was an .Ideal .which any serious computer training should try t/wocn. 
towards. While practical training may achieve no more than f parZof 
thlsd^deal, It should respect essential criteria and*ultlm^^ / 
objective^. j >- ^ 

TKe' fl^^st esse^tlal^ element Hn training of this kiM - J/i the 
time ffiet^* Whateyigr the level aimed at and' the skll/s 0/ the per- 
sons q,on^firne'd, t^|requlslte techniques^ and all their ^%llcatlons 
/ can nev^^lJe^leani'ec!^rat>ldly. Even an Intensive s^slqii of oAe or 7 
, two we^ks can be:\nQ-Diore than Introductory or roe/elyy^f fer a i^e- \ . ' 
' fresj^6r course In'-^-aimlted -field. The rudiments of a language can- 
be ;i?arnt in several- days, like the rules of som^^perhaps gmusing ^ 
buy still rather arbitrary game. The algorlthml/ or syntactic bases 
required for real understanding, but whidh are^ disregarded in a 
Qourae-of'-this kind, call 'for a different, order of mental activity 
, and much more time for reflection^v Althoujgh thu bases do not have to 
'•be retaught for each' language, they muct be • learned oooner or later 
• and probably the sooner the' t^etter. « ' 

Progralmnlng is also a sector in which haste can be dangerous. 
It mey of course, be afRued thnt programming i-tf not a part of training 
and that- At can be acquired '^by pract^ice". And yet notiody would dream, 
of asslghing a real and th?r^f ore- complex problem to a prograjnm.er who 
had learned Ao m&re than some th«orv. together with a few slmpllfiecl 
and rather abstract exercisefl. If it is to develop properly, progrtfm- 
mlng skill requires as mtich work, care and steady guidance as musical 
skill, ylth Which fraf. Seegmttller. so' rightly compai^es it. Bad habjtc 
are as* easy to acquire as they are difficult to lofie. • 

In conside:e'lng such other basic componentri aa computer structure 
computer syctofto fields of appliclation and the technical and oocial 
implications of computer science, the same concluslono would be' 
reached. The training of ^a good computer specialist ie a matter' of 
yerars, not months . Does this m^^n that computer oerfl(>nnel cannot 
^effectively work before the age of 22 or 23? By no means, since 
conventional , training of ijnlverslty or .similar' type is not the only 
possible solution; 'Depending.. OD -the, ^circumotancos, a "time budget" 
of three or^four years may be used in many deferent ways. Annual or 
semi -annual periods may thus be a^tematod ^^btwoen training: and prao- 
iSfcical appllcatlo^i. Training and empl^ym/nt can also be afis^iclQ'fced 
more c3/oflelx,on a temporary or permanent/ holf-tiiiie baflla. This scheme 
has •been tried by a- large number of students oVj^he "Inotltut de 
programmatlon" and tVe results have generally fae^n very satisfactory: 
bc^th typ9s of activity^ favourably interact^ with littXp or no increase 
in the duraflon^of studies,^ together with practical programming 
experience in one or more types of application. 
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\ \ ■ * Whl^ei^,for ,tralnlng at Intermediate ::^evel the time allotted.'^-- 
might be shorter, the equivalent of at least 'one year is likely to 
be required.. 

Uo this "time budget" must be directly associated a .^personnel 
biidget" representing necessary teachiryt staff . The teacher/traJLn^e 
ratio is np*t .essentially different from the usual figure in /other 
disciplines i i'i.e. oractical classes and 'tutorials of 15 to .20 and 
lecture groups of 100 to 150 • Classes could of course be conducted^ 
for 300 or AOO trainees in an 'amphitheatre , but two-way comraunica- 
i;ion would be largely impossible. This is also time for practical 
classes .end tutorials,, where the figures mentioned must not be ' 
eoiceeded. Otherwise the teacher will nnd up* by doing all the exer- 
cis^ei on the blackboard instead of actually checking the individual 
wory of his Students,- with particularly disastrous results for pro- 
grMihJi^fig. The, same isroblem arises in regtird to projiscts, which 
be/oE&e the main Activity of >tudents from the- third or fourth month 
oXards . At that stage ^th6 "teacher » c threefold task is *to ^advi^se , 
m/nitor and correct ;bhe student, so that he can become proficient 
-the Att of prop/ammin^T a^well -as in analysi^'technifl^es . This 
xtequires a teacjter/trainee raHo" of 1/5 or 6 in universflty-type 
coui»ses of*15/to 20 hours per w^k. The ratio mustip'f course be 
higher in intensive courses of the "type provided in French' engineer- 
ing schools. ,An attempt ma^r, he made to reduce the si2e of this bud- 
get by usihg compute#-^*Scslsted^^ techniques, which are 
now ,being^^}^0l!ytested iji unjLversitlesS^Td induoti^. As these ex- 
periments dhow, the systems take so long aKrt are so difficult to 
develop that the most likely way of achievinfe economies, is to insti- 
tute continuing types of training over a considerable period of time 
and over a considerable geographical drea. An easier balance may be 
struck in tl^e next ifew years as the cost of processing equipment 
decreases and aonvorsational "systems suited to these techniques are 
improved- 

This is of course not the only way in whl,ch computers can be 
used to train computer personnel. They are an essential tool for 
practical work in conversational or batch-processing modes, tn both 
cases they are of considerable help to the teacher in that they 
directly monitor gross syntactic or semantic errors. They cannot 
however replace the teacher since such errors are but ^Vinor aspect 
of the programmer's art. While a simple algorithm can he reprefleirced 
by dozens of FORTRAN progranunes^ all perfectly correct syntactioally 
and semantically , they generally include no more than ^ne or tw/ 
"good programmes" which can be performed two to ten times faster 
^than the others. For a complicated algorithm there may be tend of 
\ thousands of different programmes and tjie time ratios betweenr them 
nay exceed 100. Determination of the optimal programme is a more 




V difficult pjr6cea;a fend depends on'%rGtnictur<e of tt/e comjMler and 

object computer. l|t should be ^n.otgd;-that--«iV'optlm^l programme /. 

from the otandpoirit. of execution time is' almostfepeveV.N^Jio one written' 
in the most elegaiAt and concise terms. The situation io . even 'mor«' l 
difficult in the base oY projtrammes written In., gssombjy" langupp'o , 
owing to their voflume and th& wide latitude (rfvph ti the' assembled. 
What can wo /say about the choice of coimlulforo^ fn^fltch pro- 
■ cessing, which \.k the main activity of ifraine'eQ , i mediunti^^rizB ' ' • 
machine is needed at the outset. Its^zpis detorrolned "-byjthe dally.''." 
number ^of Jobs At haa. to perf6ria<^'iJhXth''may be Je\ At'o.S to 2 per 
trainee. d«peiiAinff;^n the^me of y<(kf. ExejcuUfon /time is ;i6fenor«liy 
quite nogligjil^:/on,pared with. the time* roquj^Vtp restart the 
ay St em. On tp;p- point a very humorous toaper^wis/rcvad by Prof." 
Michelaon a^ the IFIP Congrj^jr^ ' i;n EdinB^upf^hy^M oft^y «f5cceptions • 
are simulation prograwmes ./;<<is;>tain nu^ictd}4nQly8io and operat4.onal 
, re6earch,/y/grammoa. On yKr>Ax\it,r^hanL\^<^^vo\\xmQ of print-outo is; , 
always/rory substantyi/^d JuMifies a 'certain amount of 
equipfhedt for t^io pi/ri///e . .tHo volume r/t punched cardc'con fee f^^tX" 
v^^fT^\^ reduced by medn^ of programme otoropio. and ^dltln^. Thin, 
^^o leadG to a^certQlnl-economy In-.prlnt-outo , but the neceocary 
^ storage equlpmefrit muot be i!arefully evaluated, |n ahy event, the 
; essential fac/or 1g an e:<iellon^ oporatlnr syntorii and ^pod compilers. 
The quality |^ compiler and aoofembly dloprnosticp may bo a (Jeclolve 
factor of fimSltth operation by cbnfllder^bly roducln/? the number of 
runo needed to tost a programmogc well as ohortenW the work of; 
the personnel., !/ . - 

The computer used for batth-processln^: need not be-of any 
specific typo, and a fey hour^' on a h%P machine are quite "feasible/, 
, A few runs a day will suffice to facilitate the work of the students, 
but any excess should be avoided' since students ojay be dlocnufn/?ed 
' .by too hot a pace from analysinr tho dic|fri5osticB^arofully enough 

-to benefit froai tho next run. and this t'ondd to iJ^rroase the number '^^^ 
of tests unnecesQarlly, When the number ^i? students is small it Is 
quite possible to- use a heavy remote tor|nitial connected to a bi^r 
computer and eyen ratnage it oi! a>a hport-shdp baaiP- 

We have already said that- the conversational mode should only 
be used 'durin/T 'thre^ or ^our woeko for introducing pach of the main 
programmln^r chapters. 1,0, piachine cMe. ossemblor. various l^n/ruagos. 
flyotoms. and for research. The only exception is of^cnurse when , - 
/ p.orsons are bein/; trained to work systematically In this mode, but 
these can only be users. It was al^o pointed* out that bi/;^ crtnverif^Q- ^ v, 
tional systems should 4iot be used. A* auostion in yhother tho mocfium- * 
^ sized computer used for botch-pr^oessinn can also' bo operated In the 
conversational mode. Thin is not'impoficible, particularly if train- 
ing la the srtle ob.lect. In that case work can l^e performed on a 
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scheduled basis, and the modes are used a^st^matively . Othen^irge, 
and particularly if in batch-processing the tllne,^ some b-jlg m^hine 
is shared, xt is preferable to have a low-powered , ^i^^epe^dent con- 
versational system. Built up around a single-disc minicqiij^ter , 
these systems generally have 8 tft 16 terminals which ca]^/all<^ 
usedNftt once, together with one or two conversational I'anguapesN 
They^cost between F. 500,000 and F. 1 million. Simpler systems^, 
limited to 8 terminals and often working with a single, language are 
even (cheaper (F . 10;,00p . to 300,000) . Integrated mipt-oprocessors 
mkv 3obn enable even cheaper specialised systems -lip be developed. 
tOne §ttracH:ive s,bXution is' j^o use a minicomr)U"5|^r as *tl^high-speed 
satellitexpf a big remote^s;f stem by connecting vterm|irials to the 
minicoin'puter'^^o that the remote system, can be ^interrogated on a 
time-sharing basis . This pr^ovld^s a third mode inVwhich the mini- 
computer operartes as^a conc^htrator of messages between th^jfcermlh- 
als and tlje central RJ^' (remote job entry) system. 

The s 6 two chapters do ^Qt cover^jthe^v/hole "equipment budget", 
^^udio-visual techniques might Sfe-.^ oons^^erabl^ assistance in com^^ 
^ ;;|vrter trai^Vin^ If usable documents not s6Nrare. The main factor 

this sector is i^he specialised equipment for practical work 
designed to facilitate the ^teaching of computer structure . This 
training is important for all computer personnel and essential foi^ 
those specialising- in systems design. Equipment in this instance 
largely consists of models for simulating: the op^r&tion of various 
^arts of the computer, from logic elements to whole units. The basic 
equipment makes it possible to view the main methods of storage and?" ^ 
information transfer and to synthetise th^ operators concerned, i .eV- 
flip'-flops, registers, different types of link, buses, memories^ and 
arithmetical operators. The system used at tlie 'Institut de program- 
mat iorf is based on a cold cathode ^thyratron- acting as a logical 
element and' also as a viewing element". Other systems enable the 
detailed static and dynamic operation of logical elements and the 
exchange mechanisms between the -processor and the peripheral units 
tx3/be. studied experimentally . Each of these systenfe costs from 
F. 20, 500 to F. 30,000- for a -practical workshop de'fe'igned to accom- 
.motete 15 to 20- students at a time. ... 

' . The "relations Budget" is much more difficult to calculate and 
even to specify as it largely depends on the environment and on the 
computer activities of a practical or research kind which are per- 

jrmed * Ity{)lays an important part in connection with the systems 
proJ§^^fe§^^d specialisation. 

In con^3ni4ip^ this evaluation, every ten students may roughly 
be said to require^lj^o teachers and computer specialists, a computer 
worth F. 40,000 to F, sS^QOor an equivalent sum for hiring a ^ 
computer (up to F. 1,000 per mS^it^J and special equipment for 
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. practical work costing from F. 1,000 to F. 2,000. Thi^ evaluation 
J ^ is valid only for fairly big student intakes (100 stjdents at least") < 
The figure will be higher in the case of smaller intakes. In any t. 
, event, a comparison between these figures based for example on the< 

jfi^^ payment of an average remuneration of F. 5,000 .per ^onth to teachers 
shows that the "personnel budget" is by far thje tDreflominant factor. 
While the "time budget" is particularly difficult tb evaluate, it 
appears, to be greater still . 
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Centro de Proceso de Datos^~~~~^~ 
Ministerio de EJclucaciSn y Cier\cia 
"^Madrid (Spain)* 



>-aNTP.OPUCTION 



Is there a career in EDP? An attempt has bfeen made to answer 
this question on different occasions, but EDP s*till seems too young 
to be able to offer A totally structured career. Furthermore, in 
many enterprises the EDP department can offer a means of promotion 
within the firm or be a stepping stone to management. 

Many enterprises are struggling with the manpower problem asso- 
ciated with the arrival of the computer. Even those well established 
in the field have to undergo changes in job structure and description 
owing to the "new hardware and software. And-^it should be remembered 
that the EDP jobs in a small data processing centre are unlike those 
in a medium-sized, not to mention a larger unit . 



HOW PEOPLE CAME TO WORK IN EDP 



Although this question might seem irrelevant, I believe that 
even a brief look at it will help to explain how existing situations 
have arisen. 

The background is that staff were recruited to EDP from within 
the enterprise. They were trained, at least in the beginning, by the 
firm aelAlng the computer or actually in the computer firm itself. 
Because \fche computer was unfamiliar at the time, and such an expensive 
machine niad to give a maximum rate of return, high salaries were 
offered, ^his implied from the very beginning that EDP jobs offered 
a means qff promotion for staff from other parts of the enterprise. 
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* Since programming (here^I take th9 word programming in its 
widest sense) and operating needs were growing faster* than the 

-''5: 

number of people whoVjdould be recruited and trained within the 
Enterprise , hiring already trained pi'ogrammers and operatbrs became 
the habit in recruiting EDP staff, leading to a real spiral "tn 
salary levels, without improving or having any effect on th^ quality 
of the work being done. ir«^ 

tfhe recruitment , of trainees from EDP schools has only Vecently 
started and the results are yet to be seen, but until the "tbrnover 
is higher in the EDP departments, staff do not come from other parts 
of the enterprise. The problem is simple, that there is less move- 
ment among the staff when there are career possibilities . 

But before going further we mu$t distinguish between EDP 
managerial and EDP non-managerial jobs, the latter beingMi^inly 
technical and the ^former supervisory. The requirements and -training 
qualifications for,, EDP technical jobs are usually clearly defined 
in most of the available standards, or co;npany job descriptions, 
but this is not %he case for supervisory and manageria[iL posts. Here 
too often the computer myth has not yet disappeared and more atten- 
tion is paid to technical skills than to managerial taleniis^ and 
knowledge. T?rainlng an EDP technician for a management position with- 
in the EDP department is too often neglected . It should also be 
borne in mind that a good, or everi excellent systems man is not - 
necessarily a successful project leader, or an experiendedi^ senipr 
programmer might not be most suited to be a programming supervisor 
who could later be trained f or EDP* mqaiagement . 



If EDP is merely regarded a^,a new department in the enterprise 
to which employees may be sent on promotion, thence moving together 
parts of the enterprise, then the EDP career pattern can be very 
interesting. I will try to explain why this is so. 

If recruits for EDP come from the rank and file in the enter- 
prise they are presumably going to be properly trained: but this* 
is not our point. They may enter and leave EDP at different levels^. 

Where are the EDP entry points? There are clearly four maiii 
points: a) operations (machinery operator and data control clerk); 
b) programming (entry point at lowest level): c) systems analysis 
(entry point at lowest level) and d) EDP management. Let us take a 
look at each entry point . 

a) Operations 

At this entry point in EDP there are two types of activity: 



EDP AS A CAREER WITHIN THE ENTERPRISE 
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i) Machine operations and ! .' / 
^ ii) Data coVijtrol. / 
A clerk in the fii^in cah easily be trained to become a computer oper- 
ator and a typist to operate a data-input device. ^ 

An EDP career can be launched ^^om thes^ points more or less on 
the following lines: , . , ^ 

Conrnuter operations . , Input device operations 



Operator shifts 
, leader j 



Console 
operator 



Computer 
operator 



Shift 
Ifeader 



Device 
operator 



Recruit ' 



Recruit^ 



As in machine operations, a clerk or typist can entQr EDP at 
datfei control level. Training offers no difficulty, although there is. 
advantage in recruiting staff from the departments whose own > data 
are to be handled. The career in this case is marked by no special 
patt.ern: 



eierk 




Data 




Group 


typist 




control 
clerk 




leader 









This leads to the obvious question as to why computer roonj, 
data collection and data control management and supervisory ,joby ^ 
should have been omitted fr'^m the career pattern. The reason,' I 
believe, is that managerial skills can be at least as important as 
technical skills for these .junior management nosts, since managerXati 
skills require special training and so enable the emTfi<ivees concerned 
to pursue their career within the enterprise: but ou\sliie EDP. Here 
we find an exit point from B(DP. At the same time, ,1unior manag>Ke- 
-an occupy these positions successfully without much EDP experience 
c^r training. . , 



b)^ Programming ♦ 

Here we have a similar situation to the one explained above. 
Employees coming from clerical and technical .jobs (and, of course, 
computer operators) can be trained in programinMng and so enter EDP. 
Th.e career pattern may be as follows: ^ ■■ 
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Recruit 



Trainee 
programmer 



Programmer 



Seniorr 
progrVrom^r 



System? 
programm^jx 



Again, managerial Dosition^ in programnrWff: are cons/dered to 
require special training in management skill? Vnd this 'cLn open up: 
career paths outside EDP or in EDP management,^ 

" / 

c) Systems analysts , ^ 

This is ai^>jLnteresting entry point into EDP i*or staff who have ' 
reached a pertain levei/in the enterprise. In mycjpifllW';' 'these 
experiencejd employees can, with proper trainiri^rbecome the most 
able systems analysts. They usually have sufficient knowledge and^ 
experience of the enterprise t$i.*»eftable them to take the ri^pfhf^eci sc- 
ions in applying EDP Solutions tc 
path for them could^e: ^ 




to the firm's problem s.^^'l^e career 



Systems 
analyst 
trainee 




Systems 
analyst 




Senior ^ 

systems 

aneuyat 





a/n. 



Aga|n, jobs that require managerial skills such tfs project 
manager ,f team leader, etc, call for proper manage;nentjtrai.ning and 
•Chig wiil of.c6urse open up new career paths in the enterprise. 



d; EDP manajpcement 

The management of EDP functions is of the utmpst importance, 
and there is growing t^eement that it should be in the hands of 
managers rather than technicians. 

Accordingly, I believe that the different EDP functions which 
we have mentioned' SO far can be managed either by EDP professionals 
''"'T^T'Hii^^iii-^anagem^ntJt^^ or -by -managopi£Q^ staff of various 

grades trained in the basics of EDP, I prfefor the "lalt«^ Hence those 
^ could enter EDP as computer operations manager, data colle^Hon man^i 
programming manager, systems analysis manager-, project leadei^^%8^?Dpl 
manager. And their managerial position^ in EDP can be regarded ag any 
similar position within the entferjprise , They can /leave EDP in "the 
same way as they came; though of course a possible career path in 
EDP me^nagement could be as follows: 



' Computer operations 
manager 

Data collectL<m 
manage^ 



Data <3ont 
manager 



Programming 
marjager 



Data' collection 
supervisor^ 

Data control 
supervisor 



Systems 

analysis 

manager 

Programming 
supervisor 



EDP^ 
manager 



Project 
leader 
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.All these poaltlons would of course require EDP technical 
training, at different levels, but the main Item to be considered 
ls*managem£t expertise* 




EDP' AS A CAREEa^N ITSELF- 



w6 consider EDP as^^;/dareer.' In Itself^ disregarding Its 
environment, the ca^et^'^tbs can '\^e different ^pp<fin those described . 
above. Assuming tiiat the lowest^^try point In PDP Is data, control, ( 
a clerk In data control could become a data collection gpe^ator and 
from there move up to computer ot)eratlQns . i 
A shift leader computer operator would bQjCtJme a programmer,^ and i 
once he was a senloi* programmer could move in'to software- 1 

Entry could, of course, be at any of the career . level s^'^Sut 
within the career Itself training at each step is reaulred . \ 

Furthermore, a question always raised Is the fact of making a 
life-long career at one level and becoming a refil expert. It is 
difficult to generalise on this point since the situation and termin- 
ology differ from courftry to country. For thiSjVeason I shall rtSt 
try to go into the various jobs or posts within one given EDP func- 
tion- Neither shall ^ take into account any apch auxiliary task as 
that of librarian, planning clerk and dispatcher. 

It can be said from experience that machine operators (computer , 
operators) do not think of the job as a closed c^areer, but (through 
training, of course) either become nrogrammers or leave the EDP 
department. The situation is different with data collection operators 
who are usually women and who quite often only leave for marriage 
reasons or because they succeed in becomin*? shift leaders or super- 
visors . I \ 

- Programining is another matter. If we consider programminp: as 

•o ' ■ j 

not Just coding but developing programmes, we might think that it 
• could well become a l^felor^g career . Beginning ak proP^rammer trainee 
level, a programmer /through? further training and experience can • 
acquire the sort of unique expertise I'^ading to consultancy posts in 
the programming field. And if he goes into systems programming, then 
he finds boundlesjs career opportunities . It should not be forgotten 
that many programmers by vocation like programming for itself i so if 
the salary and working conditions are suitable /it can become a life-^ 
long career. 

As regards career opportunities, in systenVs analysis, it la not 
easy to fix a pattern of behaviour owing to the very nature of this 
function . Tht^r^' are many cases , mainly of staff A/ho have reached 
this level in their EDP careers via programming, where it might be 
the culminating point of their career. But if they enter EDP at this 
same level via other areas of the enterprise, they will probably 
^tum to the general pattern In their firm. 103 
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Finally we com4 to tfte EDP manager. Aa we have said before, he 
had better be a mafria^er rather than' an EDP professional. While this 
may sound heretical to same colleagues, experience shows that unless 
the EDP manager/is trained in managerial skills, no matter how gr^at 
his EDP experience and knowledge he will fall in his ,1ob . 



CAREER OPPORTUJ^ITIES 

a 

When dlscussli^g career paths we must also bring up the problem 
ot career opportunities. Here the size of the enterprise* and the 
subsequent size of tits EDP department are essential factors,. 

We can for our purpose divide enterprises Into three groups 
acdordlng \o size. As a rule, we consider that the size of EDP 
activities Is In proportion to* that of the enterprise. 

The large entei^Drlse which Is able to make use of sophisticated 
EDP applications In many cases offers a complete range of EDP cLeers 
^both on the technlcul as well as the management side. The 5:DP pro- 
fessional can then )>lan the different steps In- his carSer sln6e ^me 
of the Jobs are hlg)ily technical. 

The raedlum-slzitd enterprise offers a limited career opportunllty , 
mainly because of tlie number 6? EDP posts offered. Quite a few fun 
tlons may be combln<id In one post. From the purely professional 
aspect the posslbll; ties of applying technical or managerial skills 
can bo considered to be similar to those of a large firm, but not 
from the standpoint of promotion . 

When we come to the small organisation we find ourselves In a 



situation where the 
are few EDP posts o 



aJ:e not partlcularl r advanced 



career path Is reduced to a minimum, not only 
fared but usually the professional skills required 



CONCLUSIpN 



From the abovi account it can be seen that there are two main 
lln0s of career path In EDP, one technical and the othir managerial, 
with a branch line towards systems analysis. | 

. The career pdths can be shorter or longer^ dependjlng on the. 
slzje of the EDP department In the enterprise. 

Lastly, I wlteh to make It clear that the Job desdrlptlon 
terminology existing at the present time cdn be rather] confusing 
since similar designations have different contents, arJd vice versa. 



ERLC 



- 118 



110 



BIBLIOGRAPHY 



OECD documents prepared or oresented by expert's or the / 
Secretariat at various meetings of the Panel on Computer Manpower 
and^ Users Training Policies. These documents can be obtained at' the 
Directorate for Science, Technology and Industry. - 

1. Collection of Statistical Data on Cbmouter Manpower In Member , 
r^t,v.»,lina ^Afl/RPR/7T,^^7 by the Secretariat. / 

2. The Modular Approach to Computer Manpower Training in benmaric 
/T>AS/SPR/71.Al7 by K. Thorup . 

3. Recent Developments In the Field of straining Policies 'for 
.Computer Speclallsiis In the United Kingdom /15AS/SPR/71 .^9.7 
by R.A. Buckingham . \ 

^. Recent Developments In the Field of. Training Policies for 
Computer Specialists In the United States. /1SAS./SPR/71 .A27 
by B. Gilchrist . 

5. Modular Structure for Education on Informatics In the 
Netherlands /BaS/SPR/71 .49/ bv A. Schlnkel . 

6. Dociunent which contains the compilation pf reports sent to 
the Secretariat by National Delegations', ^following the outline 
ijlven In document DAS/SPR/70 .74 /Sas/SPR/71. 65, Annexes 1 and 
27 by the Secretariat . 

7. ICL Customer Training, Planned Careers /15AS/SPR/72 .ll7 ' 
by Mr. Chamberlain . 

8. Tasks Classification of Computer Specialists /j5AS/SPR/72 .1^7 
bv Siemens A.G. (Germany). 

9. Institute of Information Technology, Japan /15AS/SPP/72 .487- 

10. Recommended Job Descriptions and Job Titles for RDP Personnel, 
the Danish EDP Council - Report No. 12 ^AS/SPR/72 .497- 



111 



~ 119 - 



11. 



OTHER DOCUMENTS WHICH. HAVE BEEN USED TO PREPARE THIS REPORT 

Les e'tudlanta dans lea Iriatltuts universltalrea de teohnoloRie 
en Prance, OCDE, Paris, 3,973. 



12. L'enselRnement de 1 'Informatlque a i'e'cole secondalre 
CERI/OCDE, Paris, 1971. 

Th? State of the Tomputer Indust ry m the United Statin . 
APIPS (data tor 1971 and trends for 1976). '■ ' 



13. 
14. 



Prof fiflm nnm 1 'iri f>,o rnmr r n -1 ^ AFIPS, 21-22, January, 



15. Les marche's de I'ordinateur (une expansion rivolutlonnalre) 
in Ualne nouvellw, Paris, September, 1970. 
LC ggntextP mondial rt» i n,. tormatinn. fr-nno o..., (f^en^re 
international de calcul. Bureau Intergouvememental pour 
1 • Informatlque ) , Report MD ig, Rome,. 1968. 
L'enaelpnoment^de I'lnformntir,.., _ Allocutions prononce'ea / 
au Congria de l-AFCET-1970 par Olivier Oulchard (Minister of 
Education) and Maurice All&gre (DeleRue a 1 • Informatlque ) , 
France , 



18 



pp;npyt:9rs,and Rdncntlon, IFIP, Conference Internationale • 
aur I'enselgnement de 1 'Informatlque , Amsterdam. 

SPqu^te Bur I'enaelfTTiA ment df> 1 H nformatiouB - SEMA (Mgtra 
International-) 1970-71 (France). 

1» prnfesnlon d» 1 Hnfn..n,.^.^ ..., (desorlptl<,n des p6stes 
et proflls-types) by ORGAMATTC, (TESTS, Editor). 
Jnformatlk'. AuBbnrti.n pwmodelle «uf dem r.chi at.rtor. , 
Datenverarbeltung IBM, Germany. 
22- Internal Job DBBn^^p ^tf^n _ ibm, 

, Lefl mgtlera de l'lnformntiq ..». Honeyvoll Bull (internal report). 

Curriculum Recommendations for Graduate .Professional Programs 
In Information Systems. 

25. Report of the ACM Curriculum Committee on Computer Education 
for Management (R.L. Ashenhurst , Editor). 

26. Report on the Workshop on a Curriculum for Systems Design 
Education (Frlbourg, Switzerland, 28-31^ January 1969), IFIP. 

27. Rapport du groups PREST (Commission des Communaut&s 'Europeenneo) 
"Formation dans le domalne Informatlque" (1.6.72). 

28. Report on "The Rio Symposium on Computer Education for Develop- 
ing Countries" (Rio de Janeiro, Brazil, 1972). 



23 

, 2A 



ERIC 



- 120 - ^ 



29. L'organlsatHon do la recherche^ en InfotmatiqfUe au /apon . 

Le ^ro^rea sclentlflgue; Paris, U^Y^ August i >^a, No. 155, 
PP.M-3S). V ^ / \ y ' ' 

30. ComT^uter Education for TeachTS in geconcUCry Schools , IFIP . 
(TC.3)f September 1971. ^ • 

31. Educational Yearbook 1971-72 ; The British"' Computer Society. 

32. Computer Job Analysis . AFIPS Veport , 19th August, 1973 » 
by, Raymond B. Berger and Dorfh B. Parker. 

33. Normes de selection . Croupe "Gestlon des systemes d'informatique 
Commission de la fonctlon oublioue du Canada, (January 1971). 

34. Data ProcegaiWg Salary §urVev . Annual Review, fiecember' 1970 , 
Kaj:es , Peat , Marwick & Co'. 

35. 1971 Canadian Salary and Martnbwer Survey (Canadian Information 
ProcessinfT Society) ^ 

36. Direction 'genferale de la main-d » oeuvre . Plans de carrlere / 
(philosophie et prlnclpes directeurs), CENTI) (Canada) , ^ 
Centre pour le traltement de 1 ' information - ' 

37. Fonctlon publlque - Canada. Bureau du perfOTtionnement et de 
la forraatl'on du personnel, EDP traininp: f or VanaKers and 
Computer Specialists . 

3^. Stratep:i"es pour le deveXoppement de 1 'Industrie canadlenne 
^ de I'informatlque - Report N3.21, Conseil des sciences du 
Canada - September 1973. 

39. Rapport sur 1 'Informatique au gouvemement du Canada* 
Secretariat. du Conseil du Tr^sor (30th November, 1971). 

40. Ministry of Colleges and Universities. Mortiffi^apha for Basic 
Data Procesfiinn Profcrnmo , published' by OntarJoPost-- secondary 
Infof^matlon Processing Committee, 1973. 

. \ 



ERIC . 



♦V 



/ 



RECURRENT Atto PERMANSl^f'jf EriUCAT>10N AND TRAIN ING 

Franijoljs Bo(iart 
H*ad of the Cojfnputi^.'-Iriitltute 
UniVer$lty of Nolffe^Dame d4 ia Palx 
^^'^amur i (Bel|;lum J 



We will limit the problem 'of corapute]* manpower re 



contlnping training to* some ms 



jor functions for which basl 



now exist In Euro|5e*i The retratnlllfi of • persona who Kave a;ifready 
received badlc tralnlhg will prlma^i3.y be [dealt with . 



COMPUTElR FUNCItIONS 



man^t, 
dat^ 



ement 



as field qit reference - 



prdcj^sslng Is left sslde In the 
certain major functions dividing 



Taking data proces-sing In 
the special field of numerical 
following study - we shal-l desprlbe 
-th^ into two groups: 

- problem oriented functions/ 
' - functions dependent on compjjUter tecmlques. 

In the first group we will p^ partic^r attention to the 
systems designer and analyst ,^ kn4 IJi the/^9con<f to tb^ computer 
designer, systems programmer^and progr^mmejr. (1) The functions are 
classified on the assumption that loglpal approe^ch - problem 
oriented applications - is entj^iriLiri independent of the computer^ 
approach regarded from a tech;4cal jstandpolLnt . The logical approach 
alms at creating an InforM'tiorl processing systei^^ whereas the 
technical approach is coi^^erned with settDig up computer system. 

The object of thj/^eparatlon :Ls threlBfold/ namely: 

- to see that a/p^frticular applLlcatiok is not rigidly fixed, 
whether sttmcturally or operatlonal|ly ; 




1) We will nc^^^d^l with funct4.on0 originating from these basic 

function^ {^.g. computer centre me^n^etrs) or the more, elementary 
jobs or coofisole operator, operaitior, etis . 
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V to save on programalng by setting up standard components 

• . to encourage ttie proper use of skills. 

Since t^e difference betweep the user's and the computer . 
scientist's. standpoint Involves a modular approach, the module^ . 
defined during the design and analysis stage arid those which are 
created - during the" programming stage must ♦be Interrelated. This 
intermodular connection actually amounts to one between two homen-i- 

clatures: ^ ♦ 

v> - the first associated with a structure, oansldered from thd' 

aspect of an information {?rocessing system; 
, ,,0-. - the other associated with th© engineering cbmponents of a^ 

dbmputer system. (l) " * . lT 

■ , . • „ ' / ■ 

Systems Designei^ / , . ' 

He is responsible/for thinking out an application as part, of 
•a'^jtystem in terms of data processing possibilities and constraints 
and the efff ptivenesA expected from the solution. This will mainly ^ 
consist in changing/operational procedures and management methods 
generally by defin/ng computer-based solutions, adjustirjjs organisa- 
' tional structures/ specifying training 'i^rogrammes and analysing 
'^these various elements from art economic standpoint . 

The . ilppli96t ions will be envisaged in the context of a manage- 
ment data'prooossing system, i.e. a computer, system regarded as 
logistic support fon integrated management. ' 

System'/ analysis will be the methodological' basis for the 
systems designer's ii^roach.' 

The ^eal profile^XO^ the systems designer would obe that oC 
•an engineering or^ university graduate with a genuine practical know-^ 
ledge 0/ data prxyfeessing, canagement systems and .p.rganisational, > 
probleZs in ^itiop'to his thorough experience lit thf appli9€(tions 
to by Jiandled^ ' * 

HliS comput'er/ tratftjlng should at least include t^ following:' ^ 
.Aiiini in the logic of 'EDP units ^ some knov|(Ledge^^/^aHt)rogramming/ 
^guage, ^praugh acquaintance with' the org^nisajtlo^^^^^ structure 
files (ba'si^ emd complex structures), and a)j<4<lV&nqed course in 
the theory ar^ practice of analytical method/./. 

Systems 'Analyst / ' ^ 

The s/stejps analyst is regetMed as assisting the systems 
designer. /His particular task,/s to prepare certain specif locations, 
desci?ibe An detail. the funcl^ipho to be cbmputed, logical records. 



print-outs, etc. 



1) See/ Annex. y » ^ /' 

^ / - . . // 



Training for thla work i$ gi^ven by oinlverel^a ^nd engltieeri 
Ing schools which, px^t^vMe a Computer course aUpjiieraenting the baslt 
•appliQ^itloris orientecj training .(engineers , e^oiniflta, speciali^6^ 
in Applied taathemati<j%, phVaiclsta, etc.)yHifl grounding in computer 
eubjecta would be sitoilar/to that of th^/designer , 

Computer Designer \ 

« ■ H^a role in the jfi'eld of cpitlputer techniques ds "similar to^that 
of the systems designLfr. with/^<im he is in constant communi cation . 
His particular taBk 4 to e^rfeJ^J^se the choice of/- *^ 
cojnputer system; X / *■ ' ^ ' " 



r operational syj 



- software- (pro^ij^ing: languages > compilers Input methods ^ • • 
file organisation, etc*). * ' ^, 
He-muet define new, basic -jpoftware items (languages,* analytical tools, 
functional changes in the operational system,, etc.*) and must specify 
the requisite^'foi* inti^oducirtg some new application or 5iet of appli- 
cationu.^ . ' - V , ^ . \ 

TM^^function requires a thorough, training in computer iJcience, 
one wn;Lch is adequately applications oriented. Specialised computer 
sciejice courses in universities .( such as engineering or master's 
degrees in Co^ipUter Scierice) aim at provldihg this type of training. 
Emphasis be laid on the need to combine -a basic course *(th(jory 

af languageJiJ and systems) such efs to promote the student's adjustment 
to a fconstantly changing -field w^th enough practical knowledge^sa 
that he can construct the base^ of '^reference needed for effectively 
'learning the abstract side/ c * * 

The general fun<iti;On of computer designers or computer scientist 
include^ more highly specialised tasks, conferring the role of an 
assistant similar to that jpf^the systems analyiJt in relation to the 
syotemo designer. Among these functions may be mentioned that of the 
systems engineer, an expert dealing with operational . systeW whoe^ , 
Job is to make t]ie best use of an EDP system to Advise the designers, 
analysts and .^programmer* . ' • 

Systems Programmer , * • • . 

The systems, programmer , sometimes also described as a systems 
enalyst, using a solut^ion which has been planned in every, detail 
both ^om the applications^] aspectis and that of the. data prodessing ' 
method adfopted , prepares the file to be uced.by the prbgrammers. 
He breaks down the programme . into routines, prepares the flowcharts, 
test data , etc-k .* , 

The basic. tr^ain^hg of systems programmers is giv^n in lower ' • 
technical 'education. I^he good • results obtained in France and Belgium 
• * 
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through the me^um of the University Institutes of Technology And 
university courses in Homputer Science are particularly worth men- 
tioning* * 

Pro£rammer 

- Since several programming languages have to be mastered, as 
operational systems are becoming increasingly complex >and equipment 
and applications are continually developing, the job of programmer 
requires intensive and thoroug^^raining.. It is similar to that for 
systems programmers, promotion to this function depending on exper- 
ience^ . •■ ^ ■ • 



RETRAINING: 'FOR WHOM? . \^ 

* We will only consider the question of r.etraining persons who 
have already received basic training. We will not deal witl^ the 
question of the rehabilitation of such "misfits" resulting from the 
disorderly growth of computer education as self-styled analysts with 
no real training in computer science, incapable' of planning new 
approaches in computer terms,, or programmers with no methodological 
grounding and only acquainted with a single language , machine and 
problem. 



CONTENT OF RETRAINING 

An attempt can be made to define the cor, tent of retraining in 
terms of the growing pains of EDP and the foi+eseeable medium-term 
development of da-te processing systems. 

A major growing pain is the economic analysis of data process- 
ing. Many businesses feel that the computer is>not being used to. 
full capacity. Among the' reasbns may be menfJoned: 

- shortage of competent staff; 

- the absence of afhy real analytical and^ programming methods, 
such as to reduce the time required for writing, testing 



and maintaining pr^rammes as well afe the cost of adapting 
and developing ap'plications and progr^jnmes; j . 

the lack of integration in systems design, whdch means^ha^ ^ 
applications are, rigidly fixed orWst be designed all over 
again ; 

the difficulty of assessing^the^ egect--&f--«--^cu^ solution 
on -tKe_assooiated organ! s at i onal sys^m Snd' ^oSt s ; ^ 
the cost 9f certairTTJHsie software such as OS and IMST 
the shortfi^e of universal devices ^Cor^^eastiPlng_a system' j 
performance and optimising a configuration 
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These deficiencies chiefly reflect the relatively disordered growth 
of'ADP antj'the lack of any mental approach - even among the special- 
ists consistent with the inherent possibilities of computer' systems 

WiB will describe various trends which can be foreseen over the 
next few years, such that the conditions for carrying out the func- 
tions mentioned above wfll be changed. 

^It-i-s r>aso?iable to suppose that in applications design the 
integrated api)roach to problems featuring the use of systems analysis 
techniques and methods will Ibe extended, that heuristic processes 
will be substituted for algoi^ithmic processes, and that broad models" 
* for checking and control will , be established in preference to those 
which cannot be fully optimised. 

The expan'si^'on of integrated management systems influenced by 
the expected development of: ^ * , ^ 

a)\nalytical and programmihg methods marked by the increasingly 

modular and automated^phases ; 
fej^ertain computer techniques: 

-^Mth^ds and techniques of data retrieval (optical- 

chii^cter recognition, pick-tip d'evices connected to ^ 
^ arialogue^and digital conver:ters , etc.); 

- the organisation of data banks, in which security and 
search-language problems will be dealt with. 
In the case of integrated data networks techniques for" inter- 
connecting computers may be mentioned. From a technical standpo^Lnt , 
the development of mi«ro-progr framing methods (such as dynamic micro- 
programming) may moreo^^er~^-^s^inted_-:out_»_______^ 

^ Laslffy, as regards basic software, the f ollowing~may^e-me 
tioned: > < 

- programming language research, such as in regard_tiuse3rf=^ 
y expanding and self-checking projgre — 

- the development of compy.er'^^echniqu©^ (trans f'erabilityi-; — ^ 

- a. greatep- knowledge-^-^^^peratiQUal systems , particularly- . — 



the formu2,M*on of fy^ctional model's 
oijfej^^jtheory jin4/Che defirxition 

'^soft^ 



^TCiklnit.ion j6X standards 



t he^;;^3^dt3%l^' wo r k i ng 
^rmarM2^ indi c^.1i<#kt 



RETRAINilfG: 2^.W0M7; 



ie^P^Ha 

''^^^S^^iFejc^^^^^l?!^^ 
Jclrc^^^fe^^^j5pst or t 

fused i^th^^^^ge^g^he^l information 

'^so fiwar#^i^5as^ 



stfi^i^ie^aW^ve dp nof 

je^rts^^enti^nld^Ii^^ the unbalanc 

feel tha^t^retr^jrfffng should'not be con- 
bcr^eHTby^manufQcturers aild - 




ire 'suggest^, retraining in depth so organised by universities 
and research centres as to teach th'e fundamental aspects of computer 
science and also promote^ exchanges of experience ,( 1) • 
Sumt a formula would have the advantage of; 

- supplementing and balancing the basic obsolescence; 

- providing participants with the required technical knowledge 
, . to" make a retraining session worthwhile to their enterprise 

at short-term ; 

- confronting universities and researchers with problems 
encountered by practitioners . . — 

*This tJ^rpe of confrontation should influence the orientation 
of .yesf arch-^workf promote the association of practitioners with 
research activities, and encourage realjy dynamic research. Retrain- 
ing in depth should also faci],ltate changes in fields of study and 
limit oveyspecialisation, invcjlving not only changes in technical 
compiiter functions but also chang^es over to the* applications field 
(syjsitems designer and analyst functions),^ 



J: 



TRAINING OF USERS 

For the field of computer applications to be expanded and- their 
quality improved, neither growing numbers of qualified experts nor 
increasingly efficient technical resources are enough - the users 
\must moreover be computer-mihded • The particular characteristic of 
this state of mind is the capacity to think out a problem in terms 
of computer possibilities «nd to make a detailed logical analysis 
of an application for processing by comi)uter, ' 

For Users to acquire this capacity means that they must look 
upon the computer as more than mere tool. Learning a well-struc- 
turfed algorititoic language or preparing and reading a flowchart will 
not be enotTgh to cause any /Substantial change in their working metliods 
Acquiririg a computer-minded approach calls for nti awareness of the 
new^^^tential offered by EDP systems: 

- integrated data processing; 

- man-machine communication; . - . 

- definition of heuristic retrieval procedures with machine 
learning; 

- creation of simulation models; ^ 

L increased control of the infpi-^iation flows assoeiat^iSd with 
various feedback levels; ^ 

- es^aMishment of new^^n^works for transmitting information; 
etc.* _ - 



1) For example, tkre seminars and schools organised by the If^ji. 



l\would..therefore be advisable to base introductory computer 
programmes on heuristic rather than the Algorithmic approach. We 
feel that the use of computer-assisted learning methods and original 
computer-teacher applications would be more effective than some of " 
the present solutions (general description of'^computers and elemen-^^' 
tary programming courses). - , 



. . CONCLUSIONS . 

i We have set out in this very short note, a few princip^les, which 

^ might be used foi; initially defining a programme to retrain certain 
, computer specialists - 

This introduction should be developed: • 

- by studying concrete methods for implementing these principies; 
■ . - by extending the analysis to other functions. 

We would point out that we have not explicitly tackled the 
question of continuing education but dealt with it throiifeh the bias 
of retraining users. 

■ . / / 




Annex 



nomenclatureTused in a data processing system (1) 



NOMENCLATURE FOR PARTS OF THE' ENTERPRISE CONSIDERED 
AS A DATA PROCESSING SYSTEM 

System 

III drawing up a project, 'from a data processing standpoint the 
scale of the organisationtia«-**to be teken into account. Example: 
enterprise, estab]j.ijhiff^nt , production aivi'^ion within an establish- 

Cal department ,* sectioJi^sof a ministerial department, 
^AT ^yaiTem, system for tax recovery. 

Sub"Syat^m 

An orgar/lsation may be broken down into sub-systems - the first 
level in the hierarchy of a system - according to different criteria: 

- geogijaphical location, - \ \ 
r types of activity," 

- type of basic functions (e .grSdepartments concerned with 
marketing, finance / administrytion , production, personnel, 
etc;) ; or / 



- a combiriatiQh of these 
Main criterion used for 



riteria. 

^fining a sub-system is the sort of 



homogeneity ensur*ing cl^se ^^tegration between execution and manage- 
ment procedures . 

A sub-system may be bro.k^' down into applications. 



Application 

An applicatiorr^is a set^ of 
in th'^frameW^rk of a sub-system, 
mainly a chleyec^ through continuity 



^geneous activities carried out 

le quality of homogeneity ' is ^">/ 
if the activities in time. 



1) 



Cf ► F. Bodart:\ "Cours d'ahalyse de systemes infoj^iatiqij^" , 
/Ihalysis of data processing systems/, Institvit d • inf p^pmaticjue 
des facult^s u|>iversitaires Nbtre-Dame d-e la Paix, Nfifaur. 
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, \ .// 

^^ixi application may be bro^eri down Into " phases " . 

<■ Example ; ' ^ ^ 

Two applications. may be distinguished within a "personnel" 
sub-system: / 
^ - "wages and salaries" i 

- "personnel management"^* 

The first of these would Include the phases of: 

- maintaining personnel cords, 

- calculation of gross pay,. 

- calculation of net pay. 

- quarterly statements, 

- annual statements • 
These different phases Involve continuity In time at the logic 

(sequence of phases) execution' and planning levels. - 
In the secotjd case, the phaseis might be: 

- day-to-day personnel mat-^ers , 
1- budget forecasting, • \^ 

- analysis of •allowances , \, 

- recruitment , - \ • 
^ — ^preparation of training progx^i^mmes . 

^ntinulty results mainly from th^^ overlapping of the different 
phases^ <> 

•■■■"~~~---.-,..„^, \,_ 

^ Phase . _ ""^ 

A phase Is a component of an application characterised' by 
unity of execution in time and in space > 

Unity In time : this Is based upon Initial Information or 
Information obtained from phases carried out earlier; It produces 
"either final Information - In the framework of the application - 
or Information Intended for subsequent ph&ses. 

The phase is executed at flAed (e.g. calculation of net pay) 
or variable Intervals (e.g. sfock conti:ol In a permanent Inventorying 
sy^stem). ^ . 

Unity In space :,^hls Is achieved owln^^o the fact that a. 
~ phasis is-^ejDuted' within an " activity cell " . 

An sppllcatloti-n^ay be regarded as a graph In which the peaks- ' 
are the tasks and the curv&5-...oorrespond to the sequence of events 
between tasks. "-.^ 

An application defines an ordering of tasks. 

The phase and Its dual notion of activity cells are key Ileitis 
In the nomenclature: they are the factors used for^ deX4.ning units 
of information and the processes to be applied to i;hese . 
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Function 



A phase defines a set of functions t0 be carried out. A func- 
tlon specifies a series of basic operations to be applied to the 
Information, With each function is assoclat,ed one or more operations 
which, when applied to the Input Information, produce the output 
Information. 



Example; 



rolce Is a function. ♦ 
phases and functions. 



Calculation of VAT when preparing an In 
To Illustrate- the relationships between 
we shfilj. take' the example of the "calculation of grobb pay" phase, 
it 'Can be broken down Into a set of functions comp;?lslng: 
^calculation of gross pay for normal vorklng hours; 
calculation af gross pay for overtime ; 
calculation of gross pay relative to 
- calculation of gross pay relative to 

extra payments ^ * 
This phas« Is developed from the resul' 
"updating of personnel records" (recording of variable components, 
modifying permanent components). 

The result of this phase will be used 
"calculation of net pay" phase. 

Each function Involves a processing algorithm. 
The breakdown of a phase Into functions Is arbitrary. It may 
simply be said that a function represents a homogeneous and signifi- 
cant process applied to a set of Information units. 



bonuses; 

benefits apd other 

s of the previous phase 



us Initial data for the 



Basic operation 

This Is the lowest level of the* nomenclature . A function Is 
broken down Into basic opera:blons such as : updating a document, 
printing a document , copying a unit of Information , calculating a 
square root, etc. . . , . 

.* NOMENCLATURE IN THE "TECHNICAL" COMPUTER* SYSTEM 

This second nomenclature 1^ proposed for computer techniques 
such as: operating nodes, file structures and methods of accessing 
data, organisation of processing and programming. 

With each level ^of nomenclature will be associated significant 
components from the standpoint of computer techniques. 
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NOMENCLATURE OF COMPONENTS OF COMPUTER SYSTEM 
ASSOCIATED WITH THE ENTERPRISE(l) . 



System 



To the system will be basically Associated the files (sets'of- 
information units) defined at this level* In the main these wUl 
btf personnel (identification) files and record files. 

Sub*-5vstem 

As at 'the preceding level, the. significant irifortaation units 
will be def ine(f for this entire sub-system- They will mamiy concern 
personnel (identification) files, record files and situation files 
'(defined at sub-system level). , ^ . , • 



Application 




In computer system, an Application will be considered as a 
coherent and self-contained set of operations and files. 

These characteristics arise from the following aspects: ^ 
^ - Cohesion ; intense c-irculation of information internal to 
^ the application, 
y - Autonomy ; in principle no information circulates l)etwoen " 
two dirXerent applications, except possib^ly for certain 
orig>fral primary information, Uut without any return to the 
ap^bteatioh from which they wore taken (e.g^. selection of 
order forms and invoiced from "credit management" to 

nrrmintfinff""^ nrrTinl f11 nry Hies from "wages and salaries" 
to\ j^^^erso5n^ management"). 




Procedur! 



follows that for eacti application, an exact definition will 
awn pp for the files, showing: 

- the different types of file (transfer, operation, identifi- 
cation, situgjU^on and record files), " 

- the flowchart showing the links between these files'S 

- the irtfterfaces with the other applications, 

/■^.../: ■ ■ ■ 



e procedure possesses operational unity due to its uniformity 



Cf. X. Clarinval: "«6thodologie de la pVogrammation" /Program- 
ming methodology/. Internal Paper, JTustitut d^iriforffiatlque dos 
facalles universitaires Notre-Dame de la Paix, Namur. 



\ 
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In time ;' It can therefore be Introduced as a single "dob»» for pro- 
cesslng*on the computer ;* It la handled In a single run from the 
point of view of the operator. Each procedure has Its own frequency, 
which is either fixed (e.g. preparation of Invoices * transfers + 
bills « "Invoicing" procedure) or variable (e.g. updating Identifi- 
cation files) . 

Example : 

Input of transfers (with checks, Inventories , *etc. ) , preparation 
of Invoices, production of dally statements (dally budget and dally 
cash statement) or monthly statements (ledgers). 

The Idea of procedure Is equivalent In the IBM 370 operational 
specif Icatlon, to "catalogue procedure". 

' Note : 

.Several categories oT procedure can be dlfl;tlngui5hed : 

- " construction " procedures 6f the sub-system or application. 
I.e. those which alter the information stored In the system; 
they of course Include all necessary "Identification" (print- 
out) aspects; It Is often possible to schedule their frequency; 

ry A - " Identification " or " print-out " procedures, for example, 
, "prlnt-outs" on request, which do not alter the Information 

iitored. I.e. they, must be entirely specific and can Incorpor- 
ate specifications, such as print-out sequences, that are 
Specific and capable o-f bfelng. expressed In parametric form 
for Implementation; such specifications are not used In the 
"standard" prlnt-outs of the conatltutlve procedures ; 

- " protective^ ^ procedures (e.g. copying files, programmes, 
proNjedure*) and " reconstruction " procedures (e.g. reconstruc- 
tion of a file from Its "back up"); these must be as specific 
as possible ; ' 

- operational assistance procedures (e.g. a programme for cal- 
culating the amount of space a file requires on a disc, for 
analyblng the state of the file - percentage overflow records, 
etc. - reorganising the file, managing the file catalogue , 

and so on ) ; * 

- procedures for building up and maintaining soixware (writing 
programmes, maintaining libraries, etc.). 

Function 

Examples are : reading a file, consulting a file, writing a 
file, sorting a file according to ^ Jjiven sequence, checking some 
item, generating or formatting an litem, printing out a statement. 

The function is dne process applied to an item in a procedure 
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(or a programme - aee below). A single process applied to one Item 
can of course conBlat of several separate oper,atlons applied to 
many components of the item (e.g. checks on 'zone validity). 

In addition to the logic functlctna defined In the non-technical 
nomenclature, there will be other functions specific to computer - 
nomenclature such as tape rewind, calculation of a "check digit", • 
accessing data in a given medium, etc. 

The function will be executed by an operator . There are three 
different types of operator*: 

- processing operators, executing a function; 

- structural operators or logical records, providing the 
link between the processing unl^s; 

- parameter transfer operators. / 

The operator, if it is to work and perform some concrete func- 
tion, must be updated or parametrized (there arp several techniques: 
parametrization itself programmed, use of a parametrized macro- 
instruction, communication of parameters to the different units in 



the form of ar^um^nts) 



CORRESPONDENCE BETWEEN THE TWO NOMENCLATURES 



Organ iaa/tlonal nomenclature 

System 

Sub-ayatem rj 

Application < 

Phase im 



Computer nomenclature 



Flection ' ^ 
Basic operation 



System 

Sub-system 

Application 

Procedure 

Function-operator 

i 



The relationship between the two nomenclatures Is shown In the 
figure. 

• We ha ve ke pt the same names for the three upper levels since 
the (Mrtl^ut^ a^ect Introduces no ,hev-- -decent » • ' 

However thetdata processing approach' does generate elements, 
which appear ijelt^er l*n the phases nor In the breakdown of the 
phases Into logic Vunctlons (processing functions). 
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IMPACTS O N SOCIAL STRUCTURES CONSEQUErtT UPON THE 
INTRODUCTI ON OF TRAINING FOR COMPUTER SCIENCE 

INTO THE EDUCATION SYRTRM > 

J>y ^ / . 

M. Henderaod 

Staff Assistant for Computer Usage Information and Data 
Institute for Computer Sciences and Teclmology " 
National Bureau of Standards, Washington D.C. 
(U.S.A.) 



INTRODUCTION 

The grovth of application" of computers has had a profound 
impact on p'ur social structures and on our ways of working within 
those structures. We can, trace the changes ^ economic and social 
structures due to various applications of computer technology. In 
the United states, for example, we have moved into a post-industt-lal , 
service oriented economy -which is supported and strengthened by 
computer technologies. ' 

There have been efforts over the past few years, of varying 
degrees of success, to introduce, the fundamentals of Computer scienci 
and the principles of computer applications to'the individual in 
order, to, prepare him to taice 'full advantage of the potentials of 
computer technology. The extent of the successes, or the" failures, 
can be seen in the attitudes of the individual on computer utiiization 
in his society. Based oh the- realization that more must "bfS done to 
acquaint the citizen with the potentials of computer science, it is 
necessary to continue exploring various appl^oaches toward introducing 
the concepts into our educational system qpd to the- adult consumer/ 

As the citizenry becomes better acquainted with the world of 
computers, we should be able to see a change ^n attitude and a change 
In appreciation for the place of computers In '>our society. Knowledge 
of tlie ways in which computers operate will help to Shape the infel- 
lects of our citizens, to permit man to adapt better, to learn how, 
to handle information' and to select data, aided by the potentials^ of 
computer technology. | 



^•D|yEtO^E^ ECONjS^lic STRUCTURES 

There la little doubt today y^at; the compUter 4^ becoming a 
^major technol«)glcb device In o^ the broad ar^aa of ^social and • 

economic development. CompM.tei/tfechnology reipreaents one of the moat 
rtoarkWe growths the world n^fe, ever witnessed ; In. the past two* . 
decades ♦ the number of computei^s In the United States alone has • . ^ 
grown from zero to over 10Q.,0)6o - that^ Is' one^ computer ^f or every 
640 families I In the re^t of the world, the nutober ; of 'computers . 
has risen to nfearly '50^00 . 'in at)pllcat4<)na "from health. care to 
defense, education to/crime obntrol and biology to physics, computers 
have ... proven the^r everu expanding effectiveness (1)" 

^ During this. s4me jieHod, technological developments have led 
the United St«tey^lnitb V poat-lndustrlal society , characterized, by 
. a seiHrlce^rien-^jd^.economy : By the mld-1956s, more th.an'lialf the ' 
po'pulati^ of the United' States was gainfully employed doing some- 
s±hlng^or other .people rather thdn In either manufacturing or agri- 
cultural .pursuits . Today , more than 63 per cent of. the United States 
labor force is employed In the service Industry. By 1980, statis- 
ticians predict that 2 ou-^ of 3 members of the labor force wlll^be 
part of the service sector^ 

The technologies Integral with a service' economy and essential 
1^0 achieving Its goals Inclyde computer technology, communications 
technology, and Information technolagy. ^hey serve to link ysers , 
aervlcea and producta In a meaningful and efficient way. Computer 
networka, the means to accompllah thla linking, "could ,yi>ll be the 
atrongest force at our command today" for Improving operatlona In 
industry, m education, and In government . (2) Computerr networka 
are eaaj^ntlal for real time, geographically dispersed control a:ptlvl- 
ties vital to a i?etlon's well being,- such as in the transportation, 
financial, and retail trade areas. Computer networks make possible 
the sharing of information resources, computing resources and informa-^ 
tion handXiig equipment, including library J census data .medical 
insurance. aivJ -oc'ial security files. Computer neti/orks ensure equality 
of access: to and quali'ty in public aerrvices, ^ch as law enforcement, 
educational facilities, and health care delivery. 

One of the characteristics of the post-industrial, service 
oriented society if its dependence, op ^nformat;on as^the basis for 
control of^ its -complex* organisational structures. It uses information 
to^direot its mechanisms fo/action and fs gUided in its direction 
and policy, by Informatioho^jThe grdwth of* computer applications and 
the switch to computer networks ^reflecft a basJLc change in information 



Figures in brackets' refer to the Bibliography at tjfic end of this 
<3hapteri, . o - 
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haiKjllng and communication tSchn^quea. This changa must include a 
realization on the part of -every,, man of hia own dependence on 
affective uae of information and, the need for him to adapt to the 
newer technologies and "their application. Aa the citizen, learns 
these leiiacms and contributes even' remotely to the successful imple- 
mentation of systems embodying computero. communications, and Infor- 
mation technology, we can expect to see definite effects ort the way 
we do busir^ess. , ' ' 

a) Bocaus^of successful applicationa of computers, we see a 
trend towards increased centralized control of the maiia!be- 
^ ' ment of geographically diBp^ersed, .o.rganizatttfn'^ ; ^A^iSQrk-' "' 
, . .°J»*Qy*rnD{ant Bhd%in(Jiirtry will bei wideapreafl enterprises ' ■ 
with one ceri$ral heacfquarters and a large number of diversi- 
fied, geognaphically separated, manufacturing- or service 
subsidiaries. The efficiency .of centralized management and 
decentralized operation is possible onlx with computer net- 
workB.. Befor* their use, real-time management from A central' 
' location ot the day-to-day operatJ^ons <jf geographically 
dispersed facilities was virtually impossible. Now with 
computer networks and the correlative rapid transfer of 
. selective information, retail stores, banks, and commercial 
air traffic, as examples, can operrfto effectively through 
up-to-t:he-minuttf information transfer. In addition, in ' 

• , activities where decisions must be made on the' spot, manage-" 

ment via computer networks makes local decision-making ' 
feasible while maintaining centralized control. 

• b) thp sharing of expensive information and computing resoyrceo 

will become a characteristic -of our sociatl structures. There 
are many organizations which cannot- affofd t8 maintain their 
own extensive files of bas.'ic data yet need portions of such ' 
. , files on a daily or frequent basis. Access to such expensive 
eqult)ment and information otoreo can be obtained through 
implementation of computer networks. Some areas of important 
scientific research still need computing power available at 
a, limited number of sites having the largest computer instal- 
lations. Most individuals engaged in such research cannot 
afford the necessary computing power locally, but through' 
computer networks can have access to that powe?. The ne't- 
works aggregate the market for . computing power and supply 
the means for cost-sharing expensive development of increased 
computing power among cuatomero. 
cT The explosive increase in the minicomputer inventory in the 
United States and nround the w«-ld acts to bring, ever closer ■ 
the contacts between man and machine. Minicomputers are 
becoming personal computing .resources: linked to oompuier 
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networks i tliey provide 6lach of us pur own individual infor-^ 
inatiDn center. In .the. offl^ce or at \home , we can tap a- myriad^ 
. variety. 'of /information Resources to\ help us keep informed 
and make ^ecision3 efficiently and Effectively. World news, , . 
V A local .weather r special events , particular instructional 

. * courses or general' educational reviews Will be available 

, ' r - for our choosing. Data bases peculiar to our heeds can be. 

• - constructed from general informational resources and main- 

" tained 'for use at our own convenience . ' " , 

' . ' d) The characteristics and potentials of computer technology 
will mak^ much of , our present paperwdrk unnecessary and 
obsolete.- Decisions will be recorded in individual data 
banks; transactions will be initiate|l and completed in . 
computer storage. As a. result , bur operations will be more . 
efficient , 'less ctimbersome , less error-prone^ more timely. 
: We already see examples of the "cheokiess-cashless society" 
tindergoing tests for utility and consumer reaction. Soon 
we will initiate a transaction, like a Iretail purchase and 
have that transaction completed, such as paying ^or that 
purchase, without need far tlPie traditional billing proce- 
dures, checkwriting and "T^ank account balancing processes 
we follow today. In the same manner, business management 
will produce reports in the form of computer-generated 
displays, which can be manipulated in rlesponse to inquiries 

and dialogues, in order to examine alternatives to various 

1 ■ ■ ■ 

possible corporate decisions. 

'HOW PEOPLE PERCEIVE THE COMPUT^^^ 

The beneficial effects of computer applicatiions are counter- 
balanced by forces of resistance to change, high costs, technological 
problems , and the fears and anxieties of people |tfho are touched by 
them. Those involved with computer science and technology, that is, 
computer ^specialists and those who have the responsibility for foster- 
ing the utilization of computers, must serve both the producers and 
coiisumers of computer products and services. The computer profession 
has a special obligation for ensuring that computer technology serves 
the citizen in ways to enrich and improve his li:^e .while protecting 
his right to privacy and dignity. 

Accompanying the picture, of the pervasivenegs' of the computer 
are the "horror stories", so rampant today. Two of\ the most frequently 
heard are, first, that computers are replacing man and, second, that 
computers are dehumanizing and constitute a threati to the individual's 
privacy. jt^-L ' 
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studies have been made of the use and iisuse of .compaters and 
other problem areas identified with effective utilization of computer 
.techno.ldgy. The C9nclusidn^that can be drawn'is that it is necessary 
to develop and' provide enough information to consumers of computer - 
products and services that the consumers can know what coinputers can 
,do for them and what they cannot do,. 

^ In order to measure the magnitude of the problem of defining * 
the information. needed about computers, we must first recognize and 
measure the extent of the knowledge (^r ignorance), about computers ^ 
of most citizens. A nuihber of studies have been made that seek to . 
determine the perception of. the computer and its uses held by a 
representative sample of citizenry, 

a) An experiment which took place in d Scottish hospital was 
designed to utilize the computer to perform basic, repetitive 
tasks in order to release doctors from, simple administrative* 
chores to perform moi^e professional duties. The first task 

of the experiment was to program the computer to take a 
straightforward medical history, according to a clear history 
format. Patients were divided into an . experimental group and 
a oontrol group. The experimental group was interviewed by 
the computerized system and the control grpup by using the 
traditional doctor's approach , People seemed to enjoy the 
computer interview. In fact, half said they preferred the 
computerized raedical-history-taking procedure, that they 
felt more at ease and that the machine "was very polite and 
very patient" . (3) 

b) Another brief example took place at the Stanford Center for 
Research and Development in Teaching, the purpose was to 
determine how students feel about their experience with 
computen«assisted instruction. Over all, the students had a 
more favorable image of the computer than of the teacher. 
More reliable and more objective evaluation was provided by 
the computer learning situation than traditional classroom 
instruction. The almost simultaneous feedback on the quality 
of the student's performance Was deemed to be rewarding. 

c) The Joint study sponsored by the American Federation of 
Information Processing Societies, Inc, (AFIPS) and Time 
Magazine took place during July and' August 1971 and involved 
1,001 telephone interviews with a probability sample in the 
United States, The eight basic areas in which data were 
gathered were Job involvement with computers, incidence of 
personal problems because of a computer, the role of computers 
as perceived by consumers, people's image of computer usage 

in business and government, the general effect of computer 
usage a^. perceived by the individual, attitudes toward career 
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opportunities in the computer field, and the relationship 
of compuxer usage to privacy. It might be of interest here 
. to review selected data from among the overall results/ | 
. i) About a third of those surveyed reported that th^ have 
had a problem be'cause of a computer 5 billing^^^roblems 
were the most frequent causes of dif f icultj^ . The ^ 
majority reported they have never had problems in having 
• a computerized bill corrected. Of those who did have 
difficulty, most blamed th^ personnel of the company 
involved rather than the computer itself. , 
ii) The public view of the use of computers in providing 
consumer benefits is generally positive. Nearly 9 out 
of 10 surveyed felt computers will provide many kinds 
of info,nnation and services t'o us in our homes; more 
than 6 out of 10 felt computers are helping to raise 
the standard of living,. and have helped increase the 
^ quality of products and services. However, the same 

ratio of respondents felt the use of computers in send- 
ing mail advertisements to the home should be decreased, 
lii) In general, the public believes government should make 
increased use of computers in a number of areas, that 
such usage will make government more effective, apd that 
there should be increasing governmental concern for the 
way ^n which computer s dire used and about regulating 
such us6^. J 
iv) There is major concemj^about the use of large computer^ 
ized information files. More than half of those surveyed 
are concerned that some large organizations keep infor- 
mation on millions of pepple , and that computerized 
information fi^s might be used to destroy individual 
freedoms or to keep people under surveillance, 
v) Of those surveyed, about three-fourths were in favor of 
a young person^entering the computer field as a career , 
and saw the Jobs as interesting j challenging; and offer- 
ing rapid advancement. They also believe such careers 
require lots of training, 
d) A study done for the Federal Department of Communications 
(Government of Canada) by the Social Survey Research Center 
in Toronto, involved a qualitative study to elucidate the 
issues concerning the public's perception of- computers and 
computer services, and a quantitative survey to evaluate ^ 
the feelings and reactions of a cross-section of Canadians 
(1,030) on the basis-of a questionnaire. About 85 per cent 
of the total number of respondents indicated that they had 
either a direct or indirect contact with a computer. In 
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terms of perception or image of the computer, most thotight ' 
of it as a very efficient mathematical machine'. Slightly^ 
over half of the respondents perceive the computer in a 
beneficial way in terms of enabling government and business 
to make better decisions, and of improving the quality of 
education. Nearly three-fourths agree that computers will 
" provide far more leisure time. 

On the other hand, almost three-fourths of the respondents 
thought that the computer would cause unemployment .' Although 
the perception may not be real, i.e. the computer may not 
cause unemployment, the consequence of the perception becomes 
real, i.e. people fear the introduction of the computer, 
particularly in the work environment. 
Studies of this nature point to three major conclusions. First, 
to most people the computer is becoming the overriding technical 
symbol of the 20th century. Yet there is probably little awareness 
of the. technical complexity of the device. In addition, many peoole 
express two sets of conflicting attitudes about computer technology 
they appreciate the benefits derived from computerized systems in 
terms 6f medical, scientific, and technical progress, yet they 
express considerable hesitation about what the computer will actually 
do to them in terms of interpersonal relationships and their day-to- 
day activities. Finally, even given the traditional limitations" on 
survey research data , there exists a growing .body of empirical data " 
on which more objective decisions can be made concerning the psycho- 
logical knd sociological dimensions of computer technology. What is 
needed is further research to increase our understanding of the human 
impact of computer ^technology . 



POSSIBLE SOLUTIONS 

Given the burgeoning role of the computer in today's world, and 
the current perception of that role by the private citizen how can 
we provide for the education of that citilsen? How can we teach, the 
individual to adapt to the realities of computer technology, to learn 
how to use effectively the information resources computers make 
available to him? 

It behoves us to define the sets of citizens to whom the efforts 
at education should be directed. We can distinguish three such sets: 
computer specialists, who need 'to be educated as to their responsi- 
bilities to consumers or customers of comput'er technology; adults 
Who are already exposed to- computer services and/or the products of 
computer applications; and young people, who can be brought up with 
a realistic understanding of how computers Operate and the role of 
computers in our society. • ^ 
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a) a?he computer specialist Tl^-^iySfoJved when a potential customer 
for computer services maked a coriisclx^us decision to use com- 
puters., Here the respcJnsibility lieif wi?!^^^^ computer pro- 
fessional to. de3ign> operate, and maintain .compute¥^ysteir|6 ^ 
in* such' a way as t6 maxitnize the service to the customer 
and minimize possible adverse reactiona. Vfe "must recxjgnize-' * 
that the computer specialist who develops a system u6ed by • 
the public will certainly affect the public" . (A.) The quality 
of the systems pr^odUced by the specialists > and the use which 
is made of these systems^will determine whether they have 
good or bad effects on society. 

fhis philosophy must be incorporated into the curricula of 
computer science, departments in our colleges and universities.'^ 
And, in turn, computer specialists must leam to- Qomraunic&te 



meaningfully with the pub lief, to present a fair picture of 
the computing industry , ■ 



b) In the .case of the recipient for computej;i''*efvices , he has 
generally not made a conscious choipe<Most of us suddenly - 
begin to receive, for example ,^i5^uter-processed bills or 
computer-addressed mail^j^Jfe^'^perience definite frustrc^tions 
when we find that our normal , traditional methods for bring- 
ing errors in bills or in labels to someone's atteption^no ^ 

' longer work when, that someone is a computer. The *probl>m is 
not the computer but the management arrangements made - or, 
rather, not made - for coupling the computer to the Consumer. 
The responsibility here must lie with both the computer 
professional, as described above, and with those involved 
in traditional educational channels* Not only l^e usual 
school systems but those means for consumer education spon- 
sored*' by industrial and consumer oriented organizations must 
be used . ' \ 

Exposure of the adult consumer \o the role of the computer 
can take the form of programs on public television networks, 
sponsored and prepared by professional and technical organ- 
izations in the computer field, industrial or governmental 
•agencies using computers in their operations, and consumer 
groups experienued in techniques fog? reaching the layman on 
technical subjects. Eye-catching literature to appeal to the 
pasual reader can also be used to carry the message about 
computers and their impact. 

c) Ideally, education about computers and training in the ways 
of computers should begin at as early an age as possible. ^ 
As an example, in the school system on the St. Paul- 
Minneapolis-Minnesota area of th6 United States, a Joint 
boarrd for data processing started to investigate %he potential 
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uffi electronic data'jprocesslng in elementary and secondary 
education ten years ago. With the latest In <somputer hardware 
and a staff -trained both In computer technology and teaching, 
the board operates as Total information for Educational 
Systems (TIES) and aids students from kindergarten through 
the twelfth grade. For demonstrations of a" computer's ability 
a portable teletype and data link- to connect to the tlme- 
shalrlng computer at the TIES center are carried to meniber 
schools. Prom a simple example of communication with the 
computer, the demonstration goes on to show how the computer 
can add and do other simple arithmetic operations' rapidly 
and without errors. In this way, the young children gain a 
flrst«h&nd appreciation of the operation, uses and benefits 
of a computer, along with an initial correction of many of 
their misconceptions. 

Junior high school students get opportunities to write and 
run their own programs, through the time share terminals 
located in their schools. The greatest emphasis on the*stMdy^ 
and use of the computer is in the high schools. The goals 
of the TIES program are threefold: to use the computer as 
an bbdect of instruction, and understanding what it can do; 
to use the computer as a means of computer-aided instruction; 
and to develop an appreciation and awareness of the role of 
the computer in society. Since the high school students will 
be the first to feel the impact of the computers' in their 
lives, they receive the greatest amount of instruction about 
it. (5) • • 

CONCLUSIONS 

» 

' We started this discussion in terms of the impact on our social 
structures due to the introduction of cbmRjater technology, and atten- 
dant communications and information technology, into our economy and 
society. Having recognized the need for education of computer special- 
ists and consumers or private citizens in the ways of computer tsch- 
nology, we have examined possible solutions to the problem of intro- 
ducing this education or tralTiing for computer science into the 
education system. 

It is our belief .that introduction of such training is necessary 
to ensure that the consequences of computer applications be orderly 
growth and development, rather than the sometimes confused and dis- 
ruptive reactions of today. Until the consumer,' the customer for and 
recipient of computer-based services, is fully aware of the implica- 
tions for him of the developments in computer and attendant technol- 
ogies, he will not support the continued growth of the field. 



. The succeooful application of computer techftology Is having, 
and will continue to have, Impacts on the structure of our society. 
Wt must work together, as customers for acnd providers of computer' 
servlots^' to accomplish those activities that encourage the discip- 
lined .development of computer systems'that willmak^ possible better 
public services better^i quality and lower cost industrial products 
and sex*vices, and better management of all organized activities. 
There has been a steadily growing recognition of the role of computer 
and computer networks in meeting the requirements of the developing 
economies' of the world. We must also ensure recognition of the need 
tor education and training of computer specialists and the private 
citizen to prepare us and our society to take full advantage of the 
promise of computer technology. 
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^DEMAND FORECAST SURVEY OF INFORMATION 
PROCESSING ENGINEERS IN JAPAN 

; by 

S. Imamura 
Executive Director 
Jrttltute of Infpriaatlon Technology 
World Trade Centre 
Tokyo (Japan) 



There are four surveys In Japan on the demand forecast of 
Information Processing Engineers. The following Is a summarised 
list of these surveys. ' ♦ 



Abbre- 
viation 


Conducted 
by 


Announ<?$d 

In; V 


P,erlod 
covering 


Obsoles- 
cence 


* 

Remarks 


: J-1 
s J-2 
J-3 

E 
/ 


JIPDEC 
JIPDEC 

MOE ; 


Sept. • 68 
June '69 
March* 71 

Oct. '71 


1968 .& 1972 
1972. & 1975 
1970 & 1976 

1972 r 1980 


Obsolete . 
Active 
, (Active)* 

Active 


Limited 
circulation 
SE & PR 
only 



JIPDEC "I Japan Information Processing Development Centre 
MOE - Ministry of Education ' 

Abbreviations used ^ ' 

IP ■ Information Processing 

L « Super large and large size computers 

LA « Super large size computers 

LB ■ Large scale computers 

M ■ Medium size^; Computers 

MA a Medium size computers — larger 

MB ■ Medium size computers — smaller 

S • Small size computers 

SS - Smaller size computers (excluding mini-computers) 
SA « Systems Analysts ' 
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SE m Systems Engineers 
PR « Programmers 
SP m Senior Programmers 
JP ■ Junior Programmers 
OP ■ Machine Operators 
KP - Key Punch Operators 

MGR m Managers 

TpT^- Total 

F.Y.a Fiscal Year 



Notes: 



1. The Japanese fiscal year starts iji April and ends in March 
of the following year. For example, the 1972 -fiscal year, 
starts April »72 and ends March '73. Usually all statistics 
measured are as of the end of the fiscal year (i.e. March 
1973 for the 1972 fiscal year). 

2. *The conversion rate between Japanese yen and U'.S. dollars 
was,360:l until August of 1971 » but after that it changed 
to 108:1 (16.9% up) . 

3. The definition of computer system size is as follows: 



System Si2e 


Sales Price Range (S!l,000) 


L 

(LA : 

CLB 


S12 and above 
(-1,623 and ab'ov/i 
lB12 and above , 


M 

(MA 
(MB 


130 and above 
(325 and above 
(130 and above 


S 

*• 


32.5 and above 


SS 


under 32.5 




Abbreviation : Survey J->2 . 

Conducted by: Information Technology Prediction Subcommittee, 

Japan Infoinnation Processing Development Centre (JIPDEC) 
Published under the title of: "Future of Information Processing . 

Technology" (pp .197-223) • 0 

Announced in: June, 1969. 

Period covered: 1972 and 1975. * 



Notes ; 



1. This publication consists of nine chapters focusing on the 
following topics: 

a) System Architecture 1 

b) . Hardware Technology 1,39 
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c) Software Technology * ' 

d) Data Communication and Networks 
I e) Standardisation ^ 

f) Price Performance 

g) Compjuter Professionals 

2. This jJaper covers only (g) above, 
♦ » 

A. BASIC DATA 

I » 

The following data are quoted from estimates by the Ministry 
of International Trade and Industry, announced In July 1968. 

1. Numbers 'of computers Installed and of >eomputer6 to be 
Installed ae of March 1972 and 1975 (estimates) 



Installed 


1972 


1975- 


LA 
LB 

MA 
MB 

S 

SS 


270 
790 
2,120 
2.570 
.4,230 
* 2,130 


. 590 
1.650 
4,350 
5.420 
8.890 
4.560 


TOTAL 


12,ii0 


25.460 



To be Installed 


1972 / 


1975 


LA 

MA 
MB 
S 

SS 


76 ^ 
* 221 
594 
920 
1.184 
596 


50 
130 
340 
420 
680 
350 


TOTAL 


3.591. 


1.970 




2 . Value of computer production and computers Imported 

(billion yen; jjbllllon In parentheses) 











Production 


Impoirtatlon 




1972 
1975 


Fiscal 
Fiscal 


Year 
Year 


468(1.58) 
927(3.01) 


48(0.156) 
93(0. 30^) 



B. METHOD 

1. The adaptability of Brandon's Formula for this prediction 
• was thoroughly Investigated and verified and It became clear thdt 
If the adequate coefficients were selected, the modified Brandon's 
Formula could be used to fit unique Japanese conditions. 
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.2. For simplifying and clarifying, this paper covers only the 
gist of the stuuy, excluding* severjpil exciting detailed discussions 
and arguments • ^ 

3* Definition of systems sizes. 

System sizes are broken down into categories as followQt 



Super Large (LA) 

Large (LB) 

Medium - A (MA) 

Medium - B (MB) 

^ Small (S) 

Smaller (SS) 



SeliinK Price Range 
j!l,623 million and above 
j!o,812 million and above ^ 

million and above 
)iO*130 million and above 
t32,3 tl^ousand and 'above 
under J532.5 thousand 



«^) First, the demand forecast survey was done by dividing into 
three sectors as follows: 
1) Computer Users 

Information processing services Industry (service 
bureau type business) 
11) Computer Manufacturers 
ill) Computer Dealers. • / 

4 - ^ 

b) Computer Users 

* o , 

B-1 . 

Stiandard numbers of l.P. Engineers" per Computer System 
according to Brandon *s Formula: 



System Size System Analyst Programmer 



LA 
LB 
MA 
MB 
S 

SS 



9.0 

2.0^ 
2.0 
0.5 
0.5 • 



15.0 
8.0 
5.0 
5.0 
U5 
1.5 



Operator 



a.o 

5.0 
2.5 
2.5 
1.5 
1.5 



; f 

* ; B-2 • . ' . 

, Standard numbers of I. P. Engineers per Computer System 
according to the •anodlflisd Brandon's Formula for this survey: . 



Size 


SA 


PR „ 


OP 


TOTAL 


LA V 


6.0 


7.0 




16.0 


LB 


^.0 




2.0 , 


11.0 


MA 


3.0 


^.0 


2.0 


9.0 


0 MB 


2.0 


2.5 


1.5 


6.0 


S 


0.5' 


1.5 


1.5 


. 3.5 


SS 


0.5 


1.0 


1.0 


2.5 
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^-3 . ' 

Incre§ae6r I. Engineers by additional shifts 

1) Multljriylnf? ratios by Job title: 



No, of Shifts 


SA 


PR'" 


OP 


5^ 


1.0 
1.2 


1.0 
1.2 
1.4 


1.0 
2.0 
3-0 



11) Increase of proportion of additional shifts In the future 
as of March, 1^72: 



Size 


1 shift 


2 shifts 


3 shifts 


U 

LB y 
' MA 
MB 
S 
SS 


10% 
2W 
40S 
509^ 
8096 
10096 


55S 
55% 
50% 
4096 
2096 


3596 
2596 
^ 1096 ' 
1096 


as of March, 1975 


Size , 


1 shift 


2 shifts 


3 shifts 


LA 
LB 
MA 
MB 
S 

SS 


SS 
10% 
20% 
30% 
50% 
Q0%^ 


5096 
509i 
6096 
6096 
5096 
2096 


4296 
4096 
2096 
1096 



^72 



"75 



B-4 ' . 

Adjusted numbers of I. P. Engineers per Computer System 
after considering the Increases gf additional shifts: 

A X (B X C^g) a 
A X (B X C^^) . 

•p as of .March, 1972 
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Size 


-I — 

SA 


PR 


OP 


TOTAL 


LA 
LB 
MA 
MB 
9 

SS 


7.5 

4.84 

3.42 

2.24 

0.52 

0.5^ 


8.75 

6.05 

4.56 

2.8 

1.56 

1.0 


6.75 
• 4.1 
3.4 
2.4 
1.8 
1.0 


23.0 

14.99 

11.38 

7.44 
' 3.88 

2.5 


* 


♦ 
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as of March, 1975 







rK 


Or 


TOT A T 


u 


7.62 


8.89 


7.02 


23.53 


LB 


5.04 


6.3 


^^6 


15.94 


MA 


3.6 


4.8 


*^4.0 


12.4 


• MB 


2.32 


2.9 


2.7 


7.92 


S 


0.55 ' 


1.65 


2.25 


4.45 


SS 


0.52 


1.04 


1^ 


2*76 



B-i»5 ♦ 
Brandon' 9 Formula 

The modified Brar^idoh'e Formula wAs used. 
The original Brandon's Formula is as follows: 



Size 




Formula 


Super LdVge • 
Large 
\^ Medium , 

OTftll 1 


LB) 

,MA «f MB) 

;s & ss) 


d » a + 0.6b*' 
d m 0.95a % 0.6b ' 
d m 0.7a + 0.7b 
d S 0.75a f 0.8b 



^75 



where a « no. of installed systems ' 

b « no. of systems to be installed at that time 
c m adjusted no. of systems for prediction. 
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Modified Brapdori's Formula / 

After several discussions and verifications, the following 
modified formula was adopted to Calculate total numbers as of 
March 1972 and March 1975: 



for 1972 

.. Size 

LA & LB 
MA & MB 
S & SS 

for 1975 

Size 

LA & LB 
MA & MB 

8 & SS 



Formula 

d » a -f 0 .6b 

d => a + 0.8b 

d !s a -f b 



Formula 



d 
d 
d 



a ^ 3b 
a 2^ 
a 0.4b 



0.6 
0.8 



3 
•2 
0.4 



-'72 



-75 
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Total numberc! of I. P. Engineers 

According to^the eatlmation by the MITI, numbers of Installed 
systems and those of* systems to be Installed each year are as' follows; 



as of March, 197S 



L 


a 


b ' 


LA 


270 


76 


LB 


790 , 


221 


MA 


2,120 


596 


MB 


2,570 


920 


S 


6,230 


1,184 


SS 


2,130 


596 



^72 ^ ^72 



^72 



72 



as of March, 1975 



590 
1,650 
6,350 
5,620 
8,890 
6,560 



50 
130 
360 
620 
680 
350 



^75 ^ ^75 



^75 



'75 





d 


u 


316 


LB 


923 


MA 


2,595 


MB 


3,306 


S 


5,616 


SS 


2,726 



■'72 





d 


u 


7^0 


LB 


2,060 


MA 


5,030 


MB 


6p260 


S 


9,162 


SS 


6,700 



'75 



for 1<?72 



°72 °7^ 



^72 



Size 


No. 




PR 




TOTAL. 


LA 
LB 
MA 
MB 
S 

SS 


316 
923 
2,595 
3,306 
5,616 . 
2,726 


2,370 
6,667 
8,875 
7,605 
2»815 
1,363 


2,765 
5,586 
11,833 > 
9,257^ 
8,666 
2,726 


2,133 

3»786 J 

8,823 

7,936 

9,765 

2,726 


7,268 
13,835 
29,531 
26,596 
21,006 

6,815 


TOT 


15,280 


27,295 


60^611 


35^165 


103,051 




27 ;ooo 


61*000 


35^,000 


103, W 



72 



for 1975 



°75 °75 



^75 
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Size 


No. 


SA 


PR 


OP 


TOTAL 


LA 
LB 
MA 
MB 

S " 
SS 


760 
2,060 
5,030 
6,260 
9,162 
6,7003 


5,639 
10,282 
18,108 
16,523 
5,039 
2 , 666 


6,579 
12,852 
26,166 
18,156 
15,117 
• 6,888 


5,195 
9,386 
20,120 
16,902 
20,615 
5,660 


17,613 
32,518 
62,372 
69,579 
60,771 
12,972 


TOT 


27,932 


56,035 


8L,736 


77,856 


215,625 






56,000 


81*, 500 


7^r000 


21^,5&0 
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A 



Total numbers in computer usei^: 



o f 



PR 



OP 



TOfAL 



March 197^ 
^Mfti^, 1975- 



27,000 
56,000 



- 417000 
81,500 



35 ,000. 
78,000 



-1*3^,000 
21575^ 



c) Computer Manufacturer , 



C-1 



Standard numbers of^^I.P. Engineers in computer mtoufaptu^ 
No. of Engineers per ¥1 billion (S}3/25 mi-llriQ^^ 



20 



— — 

""Enfeineef 



^"n'ESigineer 
11 



PR 



25 



OTAL 



"59 




C-2 



Computer Production (estimated): , 
in 1972 F.Y, /^""T^^ Vi^* billion (^1.58 billion) 
in 1975 F.Y. 



¥927 billioh fj^-Oibillion) 



(a) 
5. (b) 



C-3 

Total numbers in computer manufacturers 
. J X (a) = 

for 1972 . 





Ed.E 


Sal .E 


PR 


' TOTAL 


9r760 1 


1,464 . 


5,368 . 


12,200. 


28,792 1 


9,700* 


1,500 ' 


5 i 400 * 


12,000* 


2S,600* 


or 1975 










SA ' , 


.Ed.E 


Sal.E 


PR 


TOTAL 


18,540 1 


2.781 


10, 197 J 




54.693| 


19,000^ 


2,800* 


10,000* 


lR,ooo' 


54,800* 



T2 



/ 



^75 



'd) Computer Dealers 
D-l 

standard numbers of I. P. Engineers in computer dealers • 
No. of Engineers per billion ($3.25 million) importation 



153 - 



SA 


.Ed.E . 


SaI.E i 


PR - 


"tOTAL ■ 


15 ' 


3 


11 ' \ 


25 - 


54 



D-2 



Value of. imported computers (ektimated) 



in 1972 P,Y, 
in 1975 F.Y, 



L X (c) 
L X (d) 



D-3 



¥48 billion (5S0.156vbillion) 
¥93 billion (5^0,302 billion) 

(roughly IQJi of computer production) 



72 
^75 



Total numbers in computer ^dealers 
for 1972 ' 



SA 


Ed,E 


Sal .E 


PR ■ 


TOTAL 


720 


^ 144 


| 528 ^ 


^1,200 




73D 


140 


530 


. 1,200 ' 


|'2,59«^ 
2,6oe_ 


for 1975 






SA 


Ed,E 


■ Sal.E 


PR 


TOTAL 


1'?.95 


1 279 


1,023 


1^2,325 


5,022 


i^4toq„* 


300 


1,000 


2,300 


S.OOO 



(c) 



"72 



^'75 



e) Summary 
- - f 
. Table A 





SA ^> 


Ed,E . 


Sal.E 


PR 


OP 


TOTAL 


Users 

Makers 

Dealers 


27 r 000 
9,700 
730 


1^500 
140 


5,400 
530 


41,000 
12,000 
1,200 


35,000 ^ 


103,000 
28 ,600 
2 , 6^0 


TOTAL 


37.430 


1,640 


5,930 


54,200 


< 

35,000 " 


134,200 




45,000 


= -as 







(as of March 1972) 
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Table B 





SA 


Ed -E 


Sal-E 


PR 


OP. 


TOTAL 


Users 

Makers 

Dealers 


56,000 
' 19*000 
l^AOO 


2,800 
300 


10 ,jOOO 
< 1,000 


81,500 
23,000 
2,300 


78,000 


215,500 
54,800 
5,000 


TOT^L 


76,4kK. 


3,100 


ii,ooo 


106,800 


78,000 


275,300 






90^500 


T 

I 


.= SE 



I (as of March 1975) 

. "^C . ^NOlkcEMENT ' . 

The result of thf survey armounc;ed In June 1969 and has 
been made a\5/allable to the puiaic In publication, 



Just the same as Table 1 
Ip Summary 



(as of March 1972) 





SA , 


Ed.E 


Sal.E 


PR 


OP 


TOTAL 


Users 

Makers 

Dealers 


56,110 
19,000 
1,400 


2,800 
300 


10,000 
1,000 


81,560 
23,000 
2,300 


77,920 


215,590 
54,800 
'5,000 


TOTAL 


76,510 


3,100 


11,000 


106,B60^ 


77,920 


270,390'* 



(as of March 1975) 

There are some minor discrepancies In the "^users" lln^ (perhaps 
due to adjustments). 

Clearly this Is a misprint. ^ . - 



Abbreviation: Survey J- 3 . 

Conducted by thp third working group , Computer Utilization Upgrading 
Plan Committee, Japan Information Processing Developipent Center 
(JIPDEC). ' ^ 

O . .;. - 155 - 



Published under the tit^e of : "Report of the Third Working Group, 
*CUUPC, JIPDEC" (pages 93-ll2)^ - \ 
(Limited circulation, riot avail abl%^^.^;^he public) 
Announced (restrictedly) in March 1971^"^ ^ 
Period covered: 1970 and rl976, 

f 

Notes ; 

1. This survey consists of three independent partsXas follows: 

a) Sales Forecast of Information Proceasing ServiXs * 
Industry and Software Industry ^ :^ 

b) Sales Forecast of Information Offering Services Industry 

c) Deinand Forecast of Information Processing Engineers. 

2. This paper covers only (c) above. * . ' . 



A. BASIC DATA 



Basic data of this survey are extracted from "Report of the 
First Vorking Group , -Computer Utilization Upgrading Plan Committee, 
Japan Electronic Industry Development Aseociation (JEIDA)" as follows: 

Estimated Numbers of Computer Systems Installed as of March 
1976: 



System Size 

Large 
Medium 
Small 
Smaller* 

TOTAL 



No. of Computer Systems 

2,900 
9,700 
8,800 
16,600 



3P,000 



System 
size 

L 

M . 

S 

ss 



Sales Price Ran ge 

(TTTsroi — ^ 

812 and above 
130 and above 
52 . 5 .^nd above 
under 32.5 



Average Price 

— ir>ooi 

2,727 
253 
75 
21 



The following figures are quoted from the result of the Third 
Working Group, CUUPC, JIPDEC: 

ITotal sales value of software industry in 1969 F.Y. 
¥4 billion (J<13 million) 

Ei^timated sales value of software industry in 1975 F.Y. 
¥£51 billion (^0.81 billion) 

E^imated sales value of computer manufacturers in 1975 F.Y. 
¥900 billion (^2.92 billion) 
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Estimated value of Installed computers, as of March, 1976 
¥3,500 billion (ilX.'3S billion),. 

Estimated sales of software Industry to computer manufacturers 
In 1975 F.Y. ¥85-i3illion (^0..28 billion). 

B. METHOD 

1. The adaptability of Brandon's Formula for this forecasting 
was thoroughly Investigated, but It became clear that Brandon's 
Formula had many ambiguous points, which could not be understood and 
^hat it did hot fit the unique conditions and customs in Japan 
' 2. There Were, of qourse, several discussions, assumptions and 
approaches to reach this method, but we omit such detailed discus- 
sions, etc., to simplify and clarify the gist of the method. 

' a) First, the demand forecast of Information Processing 
Engineers was done by dividing into three sectors as follows: 

1.) Computer Users ' 
Information processing services Industry 
(service bureau type business) ; , 
11) Software industry; 
iil ) Computer manufacturers . 

b) Computer Users . , 
Bi-1 

Standard numbers of I. P. Engineers per Computer System 



as of Warch 1970 



System Size 


SA 


PR 


OP 


MGR 


TOTAL 


LA 


6.0 


7.0 


3.0 


2.0 


18 


LB 


4.G 


5.0 


2.0 


2.0 


13 


MA 


3.0 


4.0 


2.0 


1.5 


10.5 


MB 


2.0 


2.5 


1.5 


1.0 


7 


S 


0,5 


1.5 


1.5 


0.5 




ss 


0.5 


1.0 , 


1.0 


0 


2.5 



a 

-as of March 1976 



System Size 


SE 


SP . 


JP 


OP 


KP ' 


TOTAL 


L 


5^2 


9.1 


U.3 


6.7 


31.3' 


66.6 


M 


5.2 


2.5 


3.7 


3.0 


9.5 


23.9 


S 


2.5 


1.0 


2.0 


2.0 


3.8 


11.3 ^ 


SS 


0.7 


0.5 


1.0 


1.5' 


1.8 


5.5 



% 



149 
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A 
/ . 



B-2 



Total numbers of I, p. iEnglneers 



i System Size * 


No. of Computer Systems 


L, 

M 

S 

SS 


2,900 
9,700 
8,800 
, 16,600 



A X B 



Size 


f ^ 

SE 


SP ' 


JP 


OP 


KP 


TOTAL 


L 
M 
S 

SS 


15,080 
50,440 
22,000 
11,620 


26,390 
24,250 
8,800 
8,300 


41,470 
35,890 
17,600 
16,600 


19,430 
29,100 
17,600 
24j900 


90,770 
92,150 
33,440 
29,880 


193,140 
231,830 
99,440 
91,300 



B-3 . ^ y 

Increase of I. P. Engineers by additional shlifts 
1) Multiplying ratios by Job title 



No. of shifts 


SE 


SP 


JP 


OP 


KP 


1 
2 

' 3 


1 

1 .5' 


1 

1.5 
2.0 


1 

1.5 

. 2.0 


1 

1.5 
2.0 


1 

,1.5 
2.0 



ii) Increase of proportions of additional shifts In computer 



users 



as of March 1970 
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System 3ize 


1 shift 


2 shifts 


3 shifts 


L 

MM 
S 

SS 


3096 
6096 
9096 
10096 


^096 
3096 
1096 


3096 
1096 


as of March 1976 


o 




System Size 


1 shift 


2 shifts 


3 shifts 


L 

' M . 
S 

S3 

/ 

—T^ • 


1096 
3096 
8096 
10096 


5096 
4096 
2096 


4096 
3096 



ISO 



Ill) Overall increase ratios by additional shifts 
D X E 



. System Size 


SE 


SP 


JP 


OP 


KP 


L 


lil 


1.1 


1.1 


1.1 


1.1 


M 


1.2 


1.2 


1.2 


1.2 


1.2 


S 


1.05 


1.05 


1.05 


1.05 


1.05 


SS 


1 


1 


1 


1 


1 



Adjusted total numbers of I .P. . Engineers 
C X G - H 



Size 


SE 


St> 


JP 


OP 


KP 


TOTAL 


L 
M 

S 

SS 


16,588 
60,528 
23,100 
11,620 


29,029 
29,100 
9, 2 AO 
8,300 


A5,617 
A3i068 
18 ,480 
16,600 


21,373 
3^,920 
18,^30 
2A,900 


99,8/f7 
110,580 
35,112 
29,880 


212, 
278,196 
10A,A12 
91,300 


TOTAL 


111,8^6^ 


^5,669 


123,765 


99,673 


275,^19 

* ii ' 


686,362 



B-5 

Incrgg Be of o xrtsiHe orders by computer users 

1) Outside order^s of software development by computer users 



as of Mc^'ch 1970 
as of March 1976 



2.0% 
25.096 



11) Decrease of I, P. Engineers effected by the increase of 
outside orders 

SE : 111,836 x £T-(b«aJ[7 =« 111,836 x 0.77 = 86, lU 
SP : 75,669 x ^-(b^aiZ « 75,669 x 0.77 =. 58,265 
JP. : 123,765 x /r-(b-al7 = 123,765 x 0.77 = 95,299 



B-6 . 

Total numbers of I^.P. Engineers In the first secfor 
(computer users) 



SE 


SP 


JP 


/ OP 


KP . 


TOTAL 


* 86,11A 


58,265 


95,299 


^9,673 


275,^19 


6U,770 
' 3i-r- 
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c) Software Indugtry 
. C-l 

Standard numbers of I .P. Engineers per VI billion 
(^3.25 million) sales 

SE SP JP OP KP' 
*^71 89 38 K K ) " ^ 

0 . 

Numbers of OP and KP are already Included in the 
"computer users" colunm, because the^ calculatloris 
' (of standard numbers x numbers of computer systems) 
'include all machine operators and key punch operators. 



.C-2 

Total numbers of I. P. Engineers In software Industry 

Estimated sales /value In 1975 F,Y, 

(ending March, 3!976) - ¥251 billion (^0,81 billion) 

G I 

Adjusted value (equivalent to 1969 F,Y,) 

251 / 1.12-- ¥22^.1 billion (jJo.73 billion) (f) 

L X (f) =1 M 

SE : 71 X (251 / 1.12) - 15.912 
SP ; 89 X (251 / 1.12) 19,946 
JP : 38 X (251 / 1.12) =- 8,516 



( 



SP . JP OP KP « M 



15,912 19,946 8p516 



C-3 



Total numbers In the second sector (software Industry) 



.SE 


• SP 


JP ^ 


OP 


KP 


TOTAL 


T5>12 
■ 


19,946 


6'. 516" 






(44,374) 
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d) Computer Manufacturers 

^ ' 

D«l 

Standard numbers of I.P, Engineers 

development (^^3.25 million) Investment for software 



^166, 



SP 



203 



OP 
19 



JP OP KP TOTAL. 

83 471 ' 



a J- 
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( 



per V billion (JS3.25 million) sales 
^ SP JP OP KP 



21 



25 



10 



TOTAL , J 

58 ^ . ' 



After- several discussions It was conclude^ to adopt 
J 2 rather than Xon calculation of I .P. Engineers, 



D-2 

Total numbers of I. P. Engineers In computer manufacturers 
Estimated sales value In J.975 F.Y. 

(ending March, 1976) : ¥900 billion (^2.92 billion) (c) 



Estimated installed value as of March, 1976: 
¥3,500 billion (jSll.36 billion) 



(d) 



J5 X (c) - K 



18, 900' 



,SP JP 
22,500 



OP 



KP 



TOTAL 



1,300 9,000 52,200 



D-3 . ^ 

Decrease of I. P. Engineers effected by the outside orders 
from the manufacturers -to software. Industry 

Estimated outside orders in* 1975 F .Y,: 
¥85 billion (^0.28 bllllpn) 



Adjusted value (equivalent to 1969 F.Y.): 
¥85 billion / 1.12 ^ ¥75.09 billion 

(Ho. 25 bdllion) 



(e) 



SE : 18,900 -71 x (e) - 18,900 - 5,388 o 13,512 

SP+JP I 22,500 '*'(89 + 38) x (e) n 22,500 - S^638 m 12,862 



SE 


SP 




OP 


KP 


TOTAL 


13,512 




,862 


1,800 


9,000 


37, m 



e) Summary 



Sector • 


SE 


SP 


JP 
* • 


OP 


KP 


TOTAL 


Users 


B6„,114 


58,265 


95,299 


99,673 


a 

2^5,419 


659,144 


Software 


15.912 


19.946 


8^516_ 


Makers 


13,512 


12,862 


1,800 


9,t!C0 


37,174 


Total 


15,538 


194,888 


101,473 


284,419 


69'6,318 



(as of March 197i 
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Comparison with jiumbers as of March 197(5 
Demand 



. • ' Sector 


SE 


.SP 


. JP 


OP 


KP 


TOTAL 


Users 


18,235 


11,385 


19,609 


19,707 


42,892 


112^620 


Software 


2"84 


356 


' 152 


^ ^ Makers 




5,310 


425 


2,214 


12^409 


Total 


; 22,979 


36,812 


20,132 


45,106 


— M 

125,029 


(as of March 197 

Actual, 


N 
N/M 


' Total 


15,924 


28,235' 


^'16,166 


30,430 


, 58,755 




• 69.3. 


76.7 


80,3 


, 85.2 . 


' 79.0 



(as of March 1'970) ' 



Comparison 


S£ 


PR 


OP 


V KP 


TOTAL 


t/M 
L/N 


5.o;. 

7.3 


5.3. 
6.9 


5.0 

.6.3 


6.3 
7.4 


5.6 
7.1 



C. ANNOUNCEMENT 
. ' ■' P ■ 

(The announcement was made In a limited circle jcalling'for 
animated comments, but the publication has no-j; been made availa'ble 
to the pybllc. 



Announcement 




I 






1 


Sector 


SE 


SP 


JP 


pP 


. KP 


TOTAL 


Uaerd 


86,114 


58,265^ 


95,299 


99,6,';^3 


275,647** 


659,372** 


Software 




19.946 


8.516 


Makers 


, fills'* 


12, 


163m * 


. 1,800 


9,000* 


30,415" 


Total 


109,538** 


194/12*^** 


101,473 


284,647** 


689,787** 




« » 






(as of .March JL976) ^ . 


Author • 8 


comments 










s 



Unfortunately tfaer^ are some erroneous results which the-author^^ 
discovered. They are marked with an asterisk. They might be caused 
Q by some mlilor careltssnes-s i . • ' 
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Abbreviation : Survey E \ \ 
Conducted by : Quantitative Measurement Working Group r Panel on 
Information Processing Education, Minlstry<^of Education (MOE) . 
Published under the title t^'Irtformation Processing Engineer 
Training Program - A Quantitative ^Survey" (ppi.65).* 
Announced In : October 1971* . ' » 

Period covered: 1972 through 1980. 



Notes i 



This survey, covers not only the. tiemand forecast of Information 
Processing Engineers but the manpower supply forecast In^many 
cases without any counter-measure, establishment of special 
departments on Information Processing, steering programme 
of general I\P. education' for^ all students, etc. and cost 
analysis' eTnd efl'ect survey of such cases. 
The summarized contents of ttiq publication are as follows: 

a) jDemand. forecast of ""rnformation* Processing EnfefVieers, 

b) Supply forecast. 'in the case yithout any .counter-measure, 

c) Effect of establishment q.f special departments', 

d) Steering programme of general I. P. education for all 
studjents, . / ^ 

e) . Cost analysis of the general I. P. education prograiAme , . " 

f) Effect of the general I. P. education programme.' 
This paper coverVonly 'a part of the above Item (a). 



A. BASIC DATA 



Basic data of trfis survey are extracted from Survey (J-2)'. 



afi of 


Systems 
analyst 


Sales i 
engineer 


Education 
engineer 


Progranjmer 


Operator 


0 

Total 


Mareh '72 

Mar ah •75 

/ 


37,^30 
76,510 


5,93( 
11,00( 


} 
) 


1,6^Q 
. 3^,>^0 


54,200 
106, R60 


, 35.000 
77,920 


134 .'SOO 
m275,390 


♦ / n 




f- ' 



In thls%urvey, ^^ystems engineer" 'Is defined a.a a generic term 
combining syst»m analj(/st, sales engineer and education engineer In 
the Survey (J-2) . ' . . " 

Theiltom of ."operator" Is omitted, resulting In the following « 



figures: 

• * 








as of * 


, S^rstems^iWtn^er 


Programmer 


' Total \ 


March, 1972 
March, 


^^45,Og/o . 
90^60 


54,200 
106,860 


X 99,200 
197,470 
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B. METHOD 



- There were many dlscusaion^^; aaaumptlons and approaches con- 
ceming Japanese educational systems', training prAgrarames, lal)our 
'conditions, labour customs, computer ^Wastry forecast, etcy 

However, to simplify an.d clarify »the forecasting nvethod of thi 
survey, we omit such discussions and' introduce only the outline pf 
the method , • * » * . • • 

It is self-explanatory. . ' , . • 



as -of 


• . SE 


PR 


TOTAL 


March #0.972 
March 1975 


^3,000 (A) 
90,610 (B) 


5^,200 (C) 
106,860 (D) 


9<?,200 (E) 
197,470 (F) 


J. Yearly Growth Ratio 




0 

« 



(B) / (A) = 2.014" 



1.263 



1.254 



Average Yearly Growth Ratio (SE) 
(D) / (C) » 1.972 
.AYerh^e -Yearly GroWth Ratio (Pk) 
(F^ / (b)»^- 1,991 

'Average Yearly Growth R/itio f^otal)^, 1.258 

Then we assume Average ^earl\[ Growth Ratio 
during 1975 through 1980 generally. 

2. Ye^ariy Growth Number 

. 'TW (*A)J7 / 3 - 45^,610 / 3 « 15,200 

^(D) V / 3'o'^2,660 / 3'= 17,550 

^ Z~(F) - (E)J I 3 0^^8,270 f I « 32,750 / , 

\ Numbers estimated multiplying^ by Avjerage^Yedrly Growj[h 
Ratio 1.26 may be the maximum demand limi-t , and numbers/ 
estimated* by adding Average pearly Grbwth Num'ber may bri^*' 
the nfihimum demand limit. Th^n we take' average /" (Maxp 
* (Mini.)^ / 2 as Yearly Forecasted Number. (See Tablte 
on the following page . )^ • - ■ / 



1.26 



(SE) ' 
(ER) 

(Total). / 



-J 
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Author's comment ft ! 

♦ Usually ti^ means "the end of the flrical year", then 
"fiscal year 1972" means "i^s of Mjtf^h 1973", Consequently 
this column must be corrected as "1971, 1972 1979", 

** Minor calculation errors; , 129,500 and 239,^60 are correct, 
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SEMINAR ON TRAINING POLICIES FOR " 
' COMPUTER MANPOWER AND USERS 

Paris^^aiBt-^ 22nd 1 23rd ^lay , 1973- 



1, n;|tional delegates 



Australia . 



Austria 



Belgium 
Canada 

Deiynark 
Finland 
France 
Germany 

Greece 

Ireland 
Italy i 




Mr. P, J. 7 Crawford • 
Counsellor, Scie^tliPlc Affairs, 
Australiian' Delegation 'to OECD, Parjls 

Mr. !• Fitzka/ " ; 

Deputy Director, 
f'ederal Chancellery, Vienna 

Mr . H; Wachter' 
Attache , . 

Federal Chancellery Vi^flina 

,Mr. G, Paris, 
gonseiller genferal, 
.Public Administration J Brussels 

Mr . E. Sab6urin 
Chief EDP, 

^Department of National Revenue Taxation, 
Ot-blwa ' '6 ■ - ^ 

Mr. W« Rasmussen . ' 

Director, 

Ministry of Education, Copenhagen 

Mr. A. Sarinanto . ^ . 

Chief of Computing Activities, 
Ministry of Edi^cation, Helsinki 

Mr. P. Vidulin * ^ ^ ^ '''^ \^ 

Chargfe de mission aupres du Delegue a 1 'In format ique 

Delegatioh 4- 1 • Inf ormatique , Paris 

. '■'^ ' • • 

"Mr. R. Dierste'in - ' 
DFVLR, , 

Principal, Computers Division, ^ 
. tJB^rpf af f enhof en 

Mr. D, Efthumiatos ^ . 

Scientific Counsellor, ^ 

Scientific Research and Development Office, 
, Athens ^ v 

Mr . \f. Kehoe ! . 

Systems Analyst , 

Department of Finance, Dublin 

Mr. G. Sacerdoti ' ^ 

Chairman AICA,- 
SAGO SpA, Milan 
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J^pan 

\ • 

A 

Netherlands 



Norway 



. Portugal 



Spain 



I 



Sweden 




United Kingdom 



United States 



Mr. S., fmamura 
Executive Director, 

Institute of Information Technology, Tokyo 

Mr, W. "L. Van der Poel 
r^Ofeasor of Computer Science, 
University of Technology, Delft 

Mr. 0. J. Dahi 

Prdfessor of Computer Science, 

Institute of Mathematics , Oslo 
. Mr . P, Loff / * 

, Deputy Secretary General ,^ . 

Ministry of Education, Lisbon 

Mr . A.TSilva de* Sousa ^ ' 

\ Vice-chairman of the National Council for* 
Scientific Research and: Tect^c^logy , Lisbon 
Mr. F. Piera Gomez 
Executive Director,' 
Ministry of Educati'biJrarid Science, 
Madrid 



Presldencia del Gobiemo, 
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